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ABSTRACT 

We present an analysis of the properties of H I holes detected in 20 galaxies 
that are part of "The H I Nearby Galaxy Survey" (THINGS). We detected more 
than 1000 holes in total in the sampled galaxies. Where they can be measured, 
their sizes range from about 100 pc (our resolution limit) to about 2kpc, their 
expansion velocities range from 4 to 36 kms~^, and their ages are estimated to 
range between 3 and 150 Myr. The holes are found throughout the disks of the 
galaxies, out to the edge of the H I disk; 23% of the holes fall outside R25. We 
find that shear limits the age of holes in spirals (shear is less important in dwarf 
galaxies) which explains why H I holes in dwarfs are rounder, on average than 
in spirals. Shear, which is particularly strong in the inner part of spiral galaxies, 
also explains why we find that holes outside R25 are larger and older. We derive 
the scale height of the H I disk as a function of galactocentric radius and find that 
the disk flares up in all galaxies. We proceed to derive the surface and volume 
porosity (Q2D and Qsd) and find that this correlates with the type of the host 
galaxy: later Hubble types tend to be more porous. 

The size distribution of the holes in our sample follows a power law with a 
slope of tti, ~ —2.9. Assuming that the holes are the result of massive star for- 
mation, we derive values for the supernova rate (SNR) and star formation rate 
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(SFR) which scales with the SFR derived based on other tracers. If we extrapo- 
late the observed number of holes to include those that fall below our resolution 
limit, down to holes created by a single supernova, we find that our results are 
compatible with the hypothesis that H I holes result from star formation. 

Subject headings: galaxies: ISM — galaxies: structure — ISM: bubbles — ISM: 
structure 



Introduction 



Studies of neutral atomic hydrogen (H I) in nearby galaxies using synthesis instruments 
such as the Westerbork Synthesis Radio Telescope (WSRT), the Very Large Array (VLA), 
Australia Telescope Compact Array (ATCA) and more recently the Giant Metre- Wave Ra- 
dio Telescope (GMRT) have shown the frothy structure of the interstellar medium (ISM). 
Filamentary structures characterize the gas distribution of t he Galaxy and nearby galax- 
ies and have been referred to as the "cosmic bubble bath" (IBrand fc Zealeyl Il975l ) or the 
"violent interstellar medium" ( iMcCray fc Snowl Il979l ) . Particularly striking are elliptical 
features representing a deficiency of interstellar matter, usually bordered by neutral or ion- 
ized regions of higher density. These have been described as bubbles and shells, based on 
their appearance at different wavelengths. 

These structures were first r ecognised as such in the Large Magellanic Cloud (LMC) by 
Westerlund fc MathewsonI (119661 ) and in the Small Magellanic Cloud (SMC) by iHindman 
(119671 ). The explanation put forward at the time was that these shells were the result of 
"super supemovae" . In our own galaxy, there has long been evidence for shell-like structures. 
Heiled ( 1 19791 . Il984j ) lists a number of early observations of expanding H I supershells in the 
Milky Way. As he emphasized "Identification of shells is a somewhat subjective process due 
to the fact that some shells are detected at only one velocity and for those shells that do 
change as a function of velocity usually only one hemisphere of the shell is observed". In 
addition, distances to these shells are very uncertain, which shifted the focus to nearby galax- 
ies. So far, of order a dozen galaxies have been observed at spatial and velocity resolutions 
adequate to map and analyse H I holes. They are listed in Table [TJ 



Following IChu et al.l ( 12004 ) and references therein, bubbles and shells are assumed to 
be created by single stars, as a result of the combined effects of a stellar wind followed 
by the star exploding as a supernova. Superbubbles and supergiant shells require multiple 
stars or some other mechanism for their formation. Since bubbles and shells appear as 
holes in maps of neutral hydrogen, we will be using this term throughout this paper. As 
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mentioned, stellar winds and supernovae from young massive stars in OB associations and 
Super Star Clusters (SSCs) are considered the main driving forces be hind the creation of 



holes and shells whose r adii can reach up to hundreds of parsecs (e.g., iWeaver et al.l 119771 : 
McCrav fc Kafatoe 119871 ). Recent observations and analysis of four nearby disk galaxies by 
Relaho et al.l (120071 ) has shown that Ha shells in g i ant H I I regions are the likely progenitors of 
neutral hydrogen shells. In addition, IWeisz et al.l (j2009bl ) found that H I holes in Holmberg II 
could in principle be the result of stellar feedback from multiple SF episodes, even though 
similar stellar populations were also found in regions where no H I holes were detected. 
However, a one to one correlation between H I holes and active star forming reg ions such as 



OB as sociations has not been established as ye t. Moreover n u meric al models by ISilich et al. 



(120081 ) suggest that the Ha shells studied by iRelano et al.l (120071 ) cannot evolve into the 
largest H I shells observed unless a physical mechanism other than supernovae (SNe) is 
invoked. 

The kinetic energies inferred on the basis of the typical expansion velocities measured (of 
order a few tens of km s~^) range from 10^° to 10^^ erg. One of the problems of this "standard" 
theory of mechanical input is the existence of a growth-rate d iscre p ancy. Observations 
show that shells are smaller than what is predicted by theory. lOeyl ( l2006l ) suggests that 
this discrepancy can be attributed to one, or a combination of, the following reasons: an 
overestimate of the input power, an underestimate of the ambient density and/or pressure, 
enhanced radiative cooling in the interior of the bubbles, or the transfer of mechanical energy 
from the holes to cosmic rays through the strong MHD turbulence and magnetic fields that 
govern their interior. 

Because of a failing consensus on the hypothesis that star clusters power supergiant 
shells, several alternative explanations have been put forward to explain structures which 
are found in environments where star formation is suppressed or for those cases for which the 
energy requirement to create the structure is believed to far surpass what can be delivered 
by even a super st ar cluster (SSC). Among the mechanisms proposed are infall of high ve- 



locity clouds (e.g.. iTenorio-Tagle fc Bodenheimerlll988l : iRand fc Stone 



1999 : iMurray &: LinI l2004j ) . ram pressure enlarging embryonic shells (iBureau &: Carignan 



1996 



Santillan et al. 



20021). and turbulen ce, coupled with cooling and gravitational instabihty (IWada 



19981 : lEfremov et anil999t IPerna fc Ravmond l[200ol l. 



2000 



Dib fc Burkertlboosi) . At one time even gamma-ray b ursts have been invoked (iLoeb fc Pernal 



The study of shells and supershells is relevant to many areas of galaxy research. Su- 
pergiant shells are linked to superbubble blow out and might lie at the origin of a galactic 
fountain ( iBregmanl Il980l ) . If shells do indeed break out of the disk, the halo or in extreme 
cases even the intergalactic medium can be enriched by metals produced in the massive 
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stars before they exploded as SNe (iTenorio-Tagld |2000| ) . Numerical simulations and mod- 
eling su^gest_th^i_a£tive^ly are most prone to mass 
loss ( iMac Low &: Ferraralll999l : ISilich &: Tenorio-Taglell200l[ ). Given that in the currently 
accepted ACDM cosmology dwarf galaxies dominated at large look-back times, this could 
explain the rapid enrichment and mixing of heavy elements shortly after the first galax- 
ies were formed. On more local scales, H I holes play an important role in the evolution 
of the ISM and are ultimately linked to the process of star formation. Expanding holes 
compress their surroundin g medium leading to conditions conducive to star formation (e.g., 
Tenorio-Tagle et al.ll2005l ). Examples for this can be found in the LMC where CO obser- 
yations point to the pr esence of molecular clouds on the rims of several supe rgiant shells 



( Yamaguchi et al.ll200ll ). The Magellanic Clouds are not the only example. iLeroy et al. 



(120061 ) show similar such accumulations of molecular gas on the interface between two neigh- 
bouring shells in IC 10 which seemingly are running into each other. In ot her words, shells 



could be driving self-regulating (propagating or stochastic) star formation (lElmegreen et al. 



2OO2I ) . On yet smaller scales, the processes leading to shells and supergiant shells provide 
energy input on the largest turbulent scales which then cascade down to ever smaller scales. 
And finally, the energy input from SNe in the form of expanding shells provides positive 
feedback as it raises the velocity dispersion in the gas, shutting off further star formation un- 
til such time as the gas has cooled down, in a dynamical sense, allowing SF to recommence. 
On a global scale, the star formation rate in disk galaxies is then controlled by the porosity 
of the ISM (jSilklll997l ). This implies a feedback loop which likely causes the IS M to have 



a one dimensional velo c ity dispersion of 6-10 kms ^ irrespective of galaxy type (jPib et al. 
20061 : iLerov et al.lboosi : iTamburro eraDl2009h . 



The resolution and sensitivity levels down to which the nearby galaxies listed in Table [T] 
have been observed vary greatly, making any statistical comparison fraught with difficulty. 
The purpose of this paper is to improve upon the status quo by adding 18 new galaxies and 
revisiting two (Holmbergll and IC2574). All 20 galaxies were observed at similar angular 
and velocity resolution and down to similar detection thresholds as part of "The H I Nearby 
Galaxy Survey" (THINGS). The identification of H I holes was carried out in a consistent 
manner which enables us for the first time to study these features in a systematic way across 
a variety of Hubble types. 

A description of the observations is given in Sec. [2l In Sec. |3] we present the global 
characteristics of the 20 galaxies under study. The complete catalogue of H I holes and an 
outline of our results follows in Sec. S] and the statistical analysis of the holes is presented in 
Sec. O In Sec. Owe present a summary of our results. 
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Table 1. Previously published studies of H I holes in galaxies 



Galaxy 


FWHM beam 


FWHM beam Velocity Resolution 


Reference 




(") 


(pc) 


(kms -*-) 




M31 


24 X 36 


80 X 120 


8.2 


1, 2 


M33 


12 X 24 


40 X 40 


8.2 


3 


MlOl 


13 X 16 


500 


8.2 


4 


Holmberg II 


4.0 X 4.5 


60 


2.6 


5 


SMC 


98 


28 


1.6 


6, 7, 8 


NGC 2403 


9 


144 


6.2 


9, 10 


ICIO 


4.7 X 5.0 


44 X 20 


12.2 


11 


IC 2574 


6.4 X 5.9 


100 X 91 


2.6 


12, 13 


LMC 


60 


15 


1.6 


14 


NGC 6822 


42.4 X 12.0 


100 X 29 


1.6 


15 


DD047 


7.8 X 7.2 


150 X 140 


2.6 


16 


Holmberg I 


8.2 X 7.0 


140 X 120 


2.6 


17 


M82 


1.4 X 1.2 


22 X 19 


10.3 


18 


NGC 6946 


12 X 14 


350 X 400 


4.1 


19 


DD043 


14 X 11 


375 X 290 


2.6 


20 


DD0 88 


14.5 X 13.1 


520 X 470 


2.6 


21 


NGC 1569 


12.1 X 10.8 


114 X 95 


2.6 


22 


IC1613 


7.4 X 7.0 


26 X 24 


2.6 


23 



Note. — Where multiple studies exist for a galaxy, only the one with the best reso- 
lution and/or sensitivity is listed. 



Referenc es. — (l) iBrinb Il98ll : (2) [Brinks 

' " ' l99ll: (5) IPuche et al 



199C 



1997 



1996 



199£ 



(4) ^iamghui^e^al 

(7) ISta nimirovic ct al, 
ClOl lMashchcnk o ct al 
(13) iRich et al.|[200. ' 



199j; (8) 
199a- (111 , 
14) iKim et al.l Il999l: 



BaiaialllpSd : (3 ) iDeul fc den Hartoe 
" 19921: (6) IStaveley-Smith et al " 



Hatzidimitriou ct al.'' 2005'; 
Wilcots & Miller .1998 
15 



(9) 'Thilkcr ct al 
(12 ) Walter & Brinks 
de Blok fc W alter 2006|; (16) 



Walter fc BrinkslbOOll: (17) lott et al.ll200ll: (18)IWills et al.ll2002l: (19^) iBoonisma et al.l 



20041: (20)ISimpson et al.ll2005bl : (21) ISimpson et al.ll2005al : (22) lMiihle et al.ll2006l : (23) 
Silich et al.ll2006| . 
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Observations 



The present study is based on observations carried out within the framework of THINGS 
project. THINGS is based on a sample of 34 nearby systems (2-15 Mpc ) observed at high 
angular 6") and velocity (2.6-5.2 kms~^) resolution (jWalter et al.ll2008l ). The observations 
were carried out with the NRACI0 VLA in B, C, and D configurations totaling ~ 500 hours 



(including archival data). A summary of the observations is given in IWalter et al.l ( l2008l ). 
THINGS was designed to complement the Spitzer Infrared Nearby Galaxie s Survey (SINGS; 
Kennicutt et al.l |2003| ) and the GALEX Nearby Galaxies Survey (NGS; iGil de Paz et al. 
20071 ) therefore providing us with multi-wavelength coverage of these galaxies. 



For our analysis we selected 20 galaxies from the THINGS sample based on certain 
criteria. The basic criterion was to include at least one pair of galaxies from each Hubble 
type in order to be able to compare H I holes across all Hubble types. The galaxies in each 
pair were also selected to vary substantially in their star formation rates and H I masses 
and care was taken to select galaxies with sufficiently high signal-to-noise ratios. The list 
of selected galaxies is given in Table [2l In what follows we split our sample in dwarf and 
spiral galaxies based on their morphological type. All Irr and magellanic type galaxies were 
classified as dwarfs. 



The data reduction process is described in detail in IWalter et al.l (|2008[ ). The AIPS 
package was used to reduce the data for every galaxy and to create the datacubes. Two 
different weighting schemes were applied, natural weighted (NA, resulting in 'low' resolution, 
high sensitivity maps) and robust weighted (RO, resulting in higher resolution maps at the 
cost of increased noise), and a residual-fiux rescaling method was performed on both versions 
of the cubes. For this study we used both the NA and RO cubes for the detection of the H I 
holes as is described in Sec. 14.11 



3. Global Characteristics 

In order to derive some of the properties of the holes the scale height of the H I layer 
needs to be known. In an isothermal disk the scale height z is given by: 



^The National Radio Astronomy Observatory is a facility of the National Science Foundation operated 
under cooperative agreement by Associated Universities, Inc. 



Table 2. Characteristics of the galaxies in the sample 
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Alternative 


a(J2000) 


(5(J2000) 
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D 
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Resolution 
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1 on 
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NGC3031 


M81 


09 55 33.1 


+69 03 54.7 


SA(s)ab 


3.6 


59 


330 


36.3 


0.03 


2.33 


132 


NGC3184 




10 18 17.0 


+41 25 28.0 


SAB(rs)cd 


11.1 


16 


179 


30.6 


0.16 


1.87 


281 


IC 2574 


DDO 81 


10 28 27.7 


+68 24 59.4 


SAB(s)m 


4.0 


53 


55 


14.7 


-0.93 


2.11 


111 


NGC3521 




11 05 48.6 


-00 02 09.2 


SAB(rs)bc 


10.7 


73 


340 


80.2 


0.52 


1.92 


376 


NGC3627 


M66 


11 20 15.0 


+12 59 29.6 


SAB(s)b 


9.3 


62 


173 


8.2 


0.39 


2.01 


249 


NGC4214 




12 15 39.2 


+36 19 37.0 


IAB(s)m 


2.9 


44 


65 


4.1 


-1.28 


1.83 


98 


NGC 4449 




12 28 11.9 


+44 05 40.0 


IBm 


4.2 


60 


230 


11.0 


-0.33^ 


1.67 


267 


NGC 4736 


M94 


12 50 53.0 


+41 07 13.2 


(R)SA(r)ab 


4.7 


41 


296 


4.0 


-0.37 


1.89 


130 


DDO 154 


NGC 4789A 


12 54 05.9 


+27 09 09.9 


IB(s)m 


4.3 


66 


375 


3.6 


-2.44 


1.29 


147 


NGC 5194 


M51 


13 29 52.7 


+47 11 43.0 


SA(s)bc 


8.0 


42 


172 


25.4 


0.78 


1.89 


221 


NGC 6946 




20 34 52.2 


+60 09 14.4 


SAB(rs)cd 


5.9 


33 


243 


41.5 


0.68 


2.06 


135 


NGC 7793 




23 57 49.7 


-32 35 27.9 


SA(s)d 


3.9 


50 


290 


8.9 


-0.29 


2.02 


142 



Note. — All values taken from lWalter et al] ||2008| ) unless stated otherwise. 
''Average inclination 
''Average position angle 
^Hunter fc ElmegreenI l|2004h 
iHunter et"al] |l99i) 
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( iKellman I Il970[ ) where v is the velocity dispersion and ^ the total mass surface density. 
However, the disk of a galaxy consists of different components, stars and gas, which have 
different velocity dispersions i.e matter is not isothermal. In such a case where the gas 
is affected by the gravitational potential of the stars and its own self-gravity, its velocity 
dispersion is given by: 

- ^-"^^ (2) 



Zq ~\~ Zi^ 



(IDopita fc Rydeiill994l ) where Zg and z^, are the scale heights of gas and stars respectively. 
The la line of sight velocity dispersion of the gas was calculated by taking the FWHM 
of spectra in quiescent regions of th e galaxy and was f ound to be of order 6 — 10 kms~^ 
consistent with what was found by iLeroy et al.l (120081 ) and iTamburro et al.l (120091 ). We 



adopted a constant v elocity dispe r sion f or the gas for each of our targets. For z^ we used 



Z*/7.3 following iLeroy et a. 



(I20081). where U is the disk scale length. This average 



flattening ratio was measured by lKregel et al.l (120021 ) assuming does not vary with radius, 
which is a reasonable assumption. The total mass surf ace density was ta ken as the sum of 
the stars and gas (H I and H2) mass surface densities (ILeroy et al.ll2008l ). The gas surface 
density is corrected to account for Helium and metals. For the stars we used the 3.6/im 
surface brightness profile which traces the older stars and consequently the bulk of the star 
mass. In regular spirals, the effect of the dark matter halo on the scale height of the gas 
can be ignored to first order, because its effective contribution to the mass surface density 
within the typical radii dealt with is insignificant compared to that of baryonic matter. It 
should be noted that in the case of dwarf galaxies the influence on scale height of the dark 
matter distribution becomes significant. In that case the approach by lDopita fc Ryderl (119941 ) 
would need to be repl aced by a more sophisticated approach, such as the one proposed by 
Naravan fc Jo3 J2002h . 



The mass surface density decreases with radius, initially exponentially as it follows the 
light and gradually flattening well beyond R25 where HI dominates. The observed almost 
constant velocity dispersion of the gas combined with a radial decline in mass surface den- 
sity implies that the gas layer flares, i.e., the scale height increases with radius. This is 
confirmed by observations of the Milky W ay (IKalberla fc KerpI 120091 ) and nearby galaxies 
([Brinks &: BurtonI 1 1984 : ISancisi et al.l l2008l ) . We therefore decided to use a radially depen- 
dent mass surface density to explicitly give radially dependent values for the scale height; an 
average value would introduce large uncertainties in the inner and outer parts of a galaxy. 
Fig. [T] illustrates the scale heights for all galaxies in our sample out to 1.2 i?25. The horizontal 
axis represents galactocentric radius normalised to i?25- The dotted lines correspond to the 
scale height calculated using Eq. 2 and the solid lines to a best fit exponential function used 
to parameterise its behaviour. For galaxies for which the H I disk extends to more than 
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1.2i?25 "we extrapolated out to the edge of the H I disk at radius -Rmax- It is clear that in 
the majority of objects the scale height increases exponentially with radius and the best fit 
function has the form: 

h{r) ~ e^''^^ (3) 

In dwarf galaxies the average exponent a is ~ 0.8, in early-type spirals is ~ 3.6 and in 
late-type spirals it is ~ 2.3. At i? > R25 the scale height tends to flatten to some asymptotic 
value as the gas and dark matter dominate the matter distribution and therefore we de- 
cided to extrapolate using a logarithmic function. This extrapolation only affects 3 galaxies 
(NGC2403, NGC4449 and NGC4736) with a small number of holes. 

The method described appears to underestimate the scale height in the inner part of 
spiral galaxies by up to a factor of 2. This can be understo od as the velocity dispersion is 
dependent on radius as well (see e.g., iTamburro et al.l 120091 ). The velocity dispersion tends 
to be higher in the inner disk due to the higher star formation and supernova rate. There 
is still considerable uncertainty surrounding this finding, a full analysis of which is beyond 
the scope of this paper. The scale height is merely used to determine the volume density of 
the H I gas in the disk which in turn is used to determine the energy requirements of the 
holes. As is discussed later, the uncertainty in the volume density has the smallest effect on 
the calculation of these energies compared to other uncertainties. We therefore decided to 
adopt a constant gas velocity dispersion throughout each galaxy. Table [3] summarises the 
values adopted for all the galaxies in our sample. The scale height listed is an average over 
the entire H I disk. When deriving the properties for a an H I hole, though, the scale height 
at the location of the hole was calculated. 



4. The H I hole catalogues 



4.1. Hole detection 



Nearly all of the H I hole studies reported above are based on identifications made "by 
eye". This method carries selection biases which are difficult to quantify and is therefore 
subjective to a certain degree. To address this, several attempts ha ve been made to creat e au- 
tomated detection algorithms. The first such attempt was made by lThilker et al.l ( 1l998l ) who 
used models of expanding structures to ident i fy she lls in observed data cubes; they applied 
their code to NGC2403. iMashchenko et al.l ( 119991 ) refined the code to include more real- 
istic three-dimensional hydrodynamical simulations of shells and revisited NGC 2403 where 
they detected 601 expanding shel ls. The same techn i que w as also applied to the Canadian 
Galactic Plane Survey (CGPS) by IMashchenko et al.l ( 120021 ). These codes, although they are 



- 10 - 



Table 3. Global derived characteristics of the galaxies in the sample 



Galaxy 


-^max 






<h> 




(kpc) 


(kms-i) 


(kms-1) 


(xlOO pc) 


(1) 


(2) 


(3) 


(4) 


(5) 


NGC628 


20.0 


213 


7 


4.9 


NGC2366 


6.8 


49 


9 


5.1 


NGC 2403 


16.3 


138 


8 


3.6 


Holmberg II 


6.8 


38 


7 


3.4 


DD053 


2.0 


23 


8 


2.9 


NGC 2841 


46.0 


282 


9 


4.8 


Holmberg I 


4.5 


50 


9 


6.4 


NGC 2976 


2.5 


74 


9 


1.2 


NGC 3031 


14.0 


199 


8 


1.4 


NGC 3184 


18.1 


207 


7 


3.1 


IC 2574 


9.3 


70 


7 


2.9 


NGC 3521 


23.8 


220 


10 


3.3 


NGC 3627 


7.8 


203 


13 


1.4 


NGC 4214 


4.8 


48 


6 


1.4 


NGC 4449 


5.1 


42 


10 


4.0 


NGC 4736 


9.5 


174 


9 


3.6 


DDO 154 


6.8 


44 


8 


5.4 


NGC 5194 


11.9 


137 


14 


1.6 


NGC 6946 


17.6 


204 


8 


2.8 


NGC 7793 


7.8 


119 


8 


2.6 



Note. — (2) The maximum radius of the H I disk. (3) The ro- 
tation velocity of the galaxy at iJmax . (4) The velocity dispersion 
of the H I gas. (5) Average scale height over the H I disk. 
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quite robust in discovering regular, expanding shells around young stars fail to detect non- 
spherical or incomplete shells. These are the type of features we are predomin antly finding 



i n our data. A different approach to an automated procedure was proposed by iDaigle et al. 



( I2OO3I ) who used a neural networks algorithm to detect expanding shells based on veloc- 



ity spectra. This method was successfully tested on data from the CGPS. More recently 



Ehlerova fc Paloua (120051 ) developed a model independent algorithm which identifies H I 
holes as depressions in the channel maps without any constraints on the shape or expansion 
velocity of the hole, but requiring the hole is "complete". They applied this code on the 
Leiden-Dwingeloo Survey data and identified about 1000 structures in the Milky Way. 

A cursory inspection of our data on galaxies in the Local Volume, with varying orien- 
tation parameters, sensitivity and linear resolution, quickly convinced us that none of the 
automated methods can be applied successfully to our entire sample. The human brain is 
superior when it comes to recognising irregular and open structures. We therefore decided 
to identify the H I holes "by eye" , despite the fact that it is less objective than an algorithm 
and quite a time-consuming process. 

The search for H I holes in the 20 THINGS galaxies was conducted with the KARMA|^ 
visualization software package which contains a large number of modules (tasks) several 
of which were used for this project. In particular, the task KVis was used to display and 
investigate the integrated H I maps as well as digital movies of the data cube. The task 
KPVSLICE was also extensively used as it offers many ways to look at a data cube by producing 
interactive position- velocity [pV) cuts in any orientation through a data cube. 

The detection process involved several steps which were followed in a consistent way for 
all 20 galaxies. First, the task KViS was used to inspect the natural weighted integrated map 
for the most obvious, more extended structures. The second step was to search the higher 
resolution robust weighted integrated H I map for smaller holes. From these two steps we 
generated a list of candidate holes. The task KViS was then used to inspect the natural 
weighted and robust weighted data cubes by displaying the channel maps sequentially, much 
like a movie. This was done for two reasons: although some of the holes are clearly visible in 
the integrated maps, many holes do not show up at all due, for example, to the inclination 
of the galaxy which means that holes along the line of sight tend to blend, or are "filled in" 
with emission at other velocities. Also, holes which are still fully contained within the H I 
disk can only be reliably detected in channel maps or pV diagrams. The second reason to 
display the channel maps as a movie was to discard holes that are chance superpositions of 



^The KARMA visualization software package was developed by Richard Gooch, formerly of the Australia 
Telescope National Facility (ATNF). 
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structures, such as parts of spiral arms, rather than genuine holes in the ISM. In order to 
set standard criteria to classify a feature as a genuine hole, we decided that a hole should be 
visible over at least 3 or 5 channels (depending on whether the velocity resolution is 5.2 or 
2.6 kms~^, respectively), which is of order the full width at half maximum corresponding to 
the typical H I velocity dispersion encountered. This further eliminates spurious features. 

In order to eliminate as much as possible any subjectivity, each hole in the revised 
list was examined individually using the task kpvslice. The signature of a hole in a pV 
diagram depends on the type of the hole as is discussed later in this paper, but overall this 
method is better suited for the detection of the smallest features. In addition, the inspection 
oi pV diagrams is used to determine some of the basic properties of the holes, such as 
position, type, hehocentric and expansion velocities. For every feature detected, two sets of 
properties were determined. The first set involves the observed properties and the second 
set the derived properties. In addition, a quality ranking Q is assigned, which represents a 
(subjective) judgement regarding the probability of the feature being actually a shell in the 
H I distribution; its values range from 1 (low quality) to 9 (high quality). Even though this 
property is not directly quantifiable it depends on many aspects of the appearance of a hole 
and it follows certain criteria: 



1. the hole must be present in at least 3 or 5 consecutive channel maps depending on 
whether the velocity resolution is 5.2 or 2.6 kms~^, respectively, 

2. the center of the hole must remain stationary across the channel maps in which it is 
observed, 

3. there must be sufficient contrast (at least a 50% drop in surface brightness) between 
the hole and its immediate surroundings, 

4. the shape of the hole in position-velocity space must be clearly defined and adequately 
described by an ellipse. 



Overall we detected more than 4000 candidate H I holes across the 20 galaxies. We 
decided to stay on the conservative side and only keep holes detected at high significance, 
i.e. above a certain threshold. This threshold was deter niined by compari ng the holes we 
found in IC2574 with those found in a parallel study by iRich et al.l ( l2008l ). Both authors 
looked for holes independently assigning a threshold parameter Q value to each hole. We then 
compared our catalogs based on the position and size of each hole. A hole was considered a 
match when its position was within half a beam size and its diameter agreed to better than 
75% . From this comparison we found that over 75% of our Q > 5 holes had been identified 
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by both authors and we therefore decided to use this value as our quahty threshold. Once 
all the low Q holes were removed from our lists we were left with ~ 1000 H I holes. 



4.2. Observed properties 

In what follows we describe the observed characteristics of each hole. 

1. The position of the centre of the hole in right ascension and declination (J2000 coordi- 
nates) determined by the (average) pixel where the flux density is at a minimum. The 
uncertainty in the position is taken as half the robust beam size for each galaxy and is 
of order 3". 

2. The heliocentric velocity (Vhci) of the hole. This was defined by the velocity channel 
in which the contrast between the H I hole and its rim was highest. The uncertainty 
here is equal to the velocity resolution (2.6 - 5.2 kms^^). 

3. The semi-major and semi-minor axes (&maj, &min) of the hole. To determine the major 
and minor axes, the approximate orientation of the hole was estimated and the task 
KPVSLICE was then used to draw cuts along these directions through the centre of 
the hole, either as seen directly on the integrated H I map or inferred from the pV 
diagram. These cuts revealed the decrease in H I at the position of the hole. The 
axes were taken as the FWHM of this depression. The uncertainty is of order half the 
robust beam size or 3". 

4. The axial ratio of the hole was defined by the ratio of minor axis to major axis. The 
uncertainty of the axial ratio is of order 25%. 

5. The position angle {PA) of the hole on the sky measured from north through east. We 
estimate the uncertainty to be of order 20 degrees. 



6. The type of the hole (1 — 3). Following [Brinks fc Bajajal (Il986l ). the holes were assigned 



to one of three different types, based on their appearance in the pV diagrams (Fig. |2]). 
A type 1 hole is a hole that has completely blown out of the disk of the galaxy, and 
therefore neither the approaching nor the receding sides of the hole can be observed as 
can be seen in Fig. [21 top. In a type 2 hole we only observe one side of the hole, which 
is usually seen in pV diagrams as a deviation toward either higher or lower velocities 
with respect to the velocity of the bulk of the H I within that area of the galaxy (Fig. |2l 
middle). Finally, in a type 3 hole we see both sides of the hole. Its signature m pV 
diagrams is that of an elliptical structure (Fig. [21 bottom). Typically, type 1 holes are 
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larger than type 2 and 3 as they represent a later stage of bubble evolution i.e. type 3 
holes are expected to evolve into type 1 (and possibly type 2) after growing. 

7. The expansion velocity (Vexp) of the hole. This was measured from the signature of 
the hole in the p V diagrams. For type 1 holes it is impossible to measure an expansion 
velocity. However, it is very hkely that these have actually stalled and their final 
expansion velocity will be equal to the velocity dispersion of the gas. For type 2 holes 
the expansion velocity was taken as the difference between the velocity of the H I 
from that side of the hole which is seen to deviate from its measured velocity and 
the mean velocity of ambient gas surrounding the hole. In the case of type 3 holes, 
the expansion velocity was taken as half the difference between the velocity of the 
approaching and receding sides of the hole. We adopt an uncertainty that is equal to 
the velocity resolution (2.6 or 5.2 kms~^). We tested the validity of the derivation of 
the expansion velocity for type 2 holes by applying the method explained for type 2 to 
the type 3 holes. The derived velocities were the same to within the uncertainties. 

8. The average flux density (/) around the hole. This was determined by averaging the 
pixel values on the integrated H I map over an area around the hole, twice the area of 
the hole itself. This value is needed in order to derive the approximate density before 
the creation of the hole. Errors here are estimated to be of order 10%. 



4.3. Derived properties 

The observed characteristics have been used to determine the derived properties as 
described in the following: 

1. The diameter (d) of the hole. Since most of the holes are not circular but elliptical, 
the diameter was defined using the geometric mean: 

d = 2y/b^^jbrain (4) 

where 6maj and 6min are the semi-major and semi-minor axis of the hole respectively. 
The uncertainty in d is of order 10%. 

2. The kinetic age t of the hole. Assuming that over its lifetime the hole was expanding 
with Vexp, this is: 

ikin [Myr] = 0.978^ (5) 
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where d is the diameter of the hole in pc and Kxp is in kms~^. Since the expansion 
velocity was higher at earlier stages of the expansion, the kinetic age is an upper limit. 
Its statistical uncertainty is around 20%. 

3. The H I column density (A^hi) around the hole. The column density is given by: 

A^Hi [cm"^] = 1.823 x 10^^ ^ Tg dV (6) 

where T-q is the brightness temperature in units of Kelvin, V the velocity in kms~^ 
and the summation is over the velocity channels which contain signal. The relation 
between brightness temperature and flux density at 21-cm wavelength is given by: 

where -Bmaj and -Bmin are the FWHM of the beam respectively in arcsec and S is the 
flux in mJybeam"^. We calculated Tb from the average flux density (/) around the 
hole which we converted to Kelvin using the above equation. 

4. The midplane H I volume density (nni). This is given by: 

riYii [cm~'^l = , (8) 

^ ^ 3.08 X 1018 /(r) ^ ' 

where A^hi is the column density in cm~^ and I is the effective thickness of the H I 
layer in pc which is assumed to have a Gaussian profile with a la scale height h (see 
Sec. |3]). Thus: 

V8 ln2 

/(r) [pc] = (9) 

5. The volume (V") of the hole. For holes that are contained within the disk (type 3) this 
is simply: 

V [pc=^] = (4/3)7r(rf/2)3 (10) 

where d is the diameter of the hole in pc as given in Eq. (3). Type 3 holes are 
intrinsically smaller (and younger) and for those it is justified to assume that their 
extent perpendicular to the disk is the geometric mean of the other two axes. As is 
shown a posteriori (see Section 15. 2p this is a very reasonable approximation given that 
their shape can not be greatly distorted during their short lifetime. For holes that 
are larger than the thickness of the H I disk (almost all type 1 and type 2 holes) we 
assumed that these have taken a cylindrical shape and therefore the volume is: 



V [pc^] = 27r(rf/2)V8 ln2/i (11) 
where h (in pc) is the la scale height and the term a/8 In 2 /i expresses the thickness of 



the disk. 
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6. Indicative H I mass (Mhi). This is an estimate of the mass that filled the hole, assuming 
the hole is spherical and completely empty and that the gas had a uniform distribution 
with volume density tt-hi before the creation of the hole. In addition, assuming that 
only a small fraction of the surrounding H I is ionized, this value indicates the amount 
of H I mass which is expected to have been swept up to form a rim for those holes not 
blown out of the disk. Mhi was calculated using: 

Mm [M0] = 2.9 X 10^ nm V (12) 

where nni is the volume density of the gas around the hole in cm~^ and V its volume 
in pc^. The uncertainty of Mhi is around 30%. 

7. The galactocentric distance (R) of the hole. This was calculated using: 



where D is in Mpc and 



R [pc] =Dx 10V(^")^ + (?/")^PC 



x" = X sin 9 + y cos 9 
„ ysm9 — X cos 9 



y 



cost 



(13) 

(14) 
(15) 



and 



X 



(a 



q;o)cos5o (16) 
y = S-6o (17) 

where 9 is the position angle of the galaxy defined by the direction of the receding 
major axis, i its inclination, {a, 6) are the celestial coordinates of the centre of the hole 
and (ao, Sq) are the celestial coordinates of the centre of the galaxy (see Table |2]). 



8. The estimated energy requirements (-Ee) of the hole. IChevalierl ( 1l974j ) derived an 
equation for the energy requirements of an expanding shell, assuming this energy is 
provided by a single explosion: 



Ee [erg] = 5.3 x lO^^n^-^^ (^/2)y-i^ 



\3.12 T/1.4 
exp 



1^ 



where V^xp is the expansion velocity in kms ^, no is the density of the ambient medium 
in partic les cm""^, and d is t he diameter of the hole in p c. As was done in the case 



of M31 terinkslll98lh. Ho II fjPuche et al.lll992h . IC2574 flWalter fc Brinkslll999l ) and 
DD047 ( Walter fc Brinks 200ll ). was replaced by riui, which means we ignored 
contributions by He and H2. In order to correct for a He contribution, a factor of 
1.5 would need to be applied. Due to the large number of assumptions, in Chevaliers 
equation, the uncertainty in Ee is of the order of 50%. Despite the large uncertainty, 
for reasons of consistency with previous papers on this subject, and for want of a better 
alternative, we decided to derive energies using this equation. 
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5. Comparative analysis of the Holes 

The results for each individual galaxy are presented in the Appendix, Tables IBlflB20l 
and Figures IC1HC261 Table H] provides a basic summary of the properties of the holes on a 
per galaxy basis and lists, among other things, the range of H I hole diameters, expansion 
velocities, and kinetic ages. The number of holes detected in each galaxy varies substantially. 
This variation is partly due to the difference in spatial resolution at which each galaxy was 
observed. Specifically, the number of type 3 holes detected is greatly affected by resolution. 
As these holes are fully contained within the H I disk their diameter is typically less than 300 
pc, the resolution limit in some of the more distant galaxies. In the case of spiral galaxies 
the lack of H I in between the spiral arms sometimes appears as an H I hole. These inter- 
arm regions in general do not constitute genuine holes and therefore have not been included 
in any comparative analysis. This is also the case for features that resemble holes in pV 
diagrams but are the result of a warped disk or for holes which are superpositions of 2 or 
more holes. 

For the first time we are now able to undertake a comparative study of the small scale 
structure of the ISM, in a systematic way and across Hubble type. The homogeneity of our 
sample allows us to perform a number of analyses which we present here in three sections. 
The first section includes a comparison of the properties of the holes in each galaxy; the 
second section compares these properties across the galaxies in our sample; the third section 
searches for global trends and correlations with, e.g., Hubble type, luminosity, etc. We then 
proceed to test the hypothesis that H I holes are compatible with being a direct result of 
massive star formation. In what follows we decided to exclude the dwarf galaxy DDO 53 
as this has only 3 detected H I holes. We also exclude those few H I holes which in the 
discussion of the individual galaxies were fiagged as being superpositions or potentially not 
genuine holes. These holes are marked with an asterisk in Tables IB1HB20I 

5.1. Overall Properties of the Holes 

The set of figures we will describe next shows the number distributions of the observed 
and derived properties of the holes. We start with showing the diameter distribution of the 
holes in order to investigate if there are any obvious trends regarding their size distribution, 
both within a galaxy as well as from target to target. The result is shown in Fig. [3] which 
shows a mosaic of 20 panels, each panel showing a histogram representing the relative (nor- 
malized) frequency distribution as a function of diameter of each of the 19 targets, plus a final 
panel showing the distribution summing over all targets. The bins are 200 pc in size. There 
are obvious differences among the galaxies. However, in this and subsequent figures one has 



- 18 - 



Table 4. Summary of basic properties of H I holes across the sample of galaxies 



Name 


No 


d 




*kin 


type 1 


type 2 


type 3 






(kpc) 


(km s^-*-) 


(Myr) 


{%) 


(%) 


(%) 


NGC 628 


102 


0.32-1.94 


5-21 


14-135 


70 


25 


5 


NGC 2366 


26 


0.21-0.69 


9-24 


6-38 


54 


23 


23 


NGC 2403 


173 


0.10-1.78 


6-32 


2-109 


62 


24 


14 


Holmberg II 


39 


0.26-2.11 


7-20 


10-147 


64 


13 


23 


DD0 53 


3 


0.18-0.36 


8-10 


9-22 


33 


33 


33 


NGC 2841 


15 


0.89-1.67 


9-28 


20-91 


93 





7 


Holmberg I 


6 


0.19-0.74 


6-16 


6-61 


50 


17 


33 


NGC 2976 


13 


0.13-0.24 


9-23 


3-13 


62 


23 


15 


NGC 3031 


306 


0.09-0.57 


8-20 


3-35 


43 


34 


23 


NGC 3184 


39 


0.48-1.64 


7-20 


21-114 


87 


13 





IC 2574 


27 


0.32-2.02 


5-36 


9-141 


55 


15 


30 


NGC 3521 


13 


0.60-1.20 


10-16 


28-59 


92 


8 





NGC 3627 


17 


0.36-0.74 


12-30 


6-30 


59 


29 


12 


NGC 4214 


56 


0.11-1.23 


4^25 


4^100 


82 


11 


7 


NGC 4449 


20 


0.23-0.90 


10-30 


4-44 


70 


15 


15 


NGC 4736 


23 


0.21-0.45 


9-30 


6-22 


48 


35 


17 


DDO 154 


9 


0.27-0.68 


6-13 


10-42 


67 


22 


11 


NGC 5194 


47 


0.29-1.34 


8-32 


8-82 


60 


38 


2 


NGC 6946 


56 


0.20-2.14 


8-21 


8-131 


84 


9 


7 


NGC 7793 


27 


0.10-1.06 


7-16 


10-65 


59 


30 


11 



Note. — Col 1: Galaxy name; Col 2: number of HI holes; Cols 3-5: the minimum 
and maximum, indicating the range of hole diameters, hole expansion velocities, and 
kinetic age, respectively; Cols 6-8: the percentage of type 1, 2, and 3 holes detected. 
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to guard against selection effects. The absence of small diameter holes in, e.g. NGC2841, 
NGC3521 and NGC3184 is due to their larger relative distance which sets a lower limit 
to the linear resolution. We therefore add a vertical dotted line to indicate the resolution 
limit for each galaxy. Also there are other factors influencing the detection of holes such as 
the signal to noise ratio, and the inclination of the object under study (e.g. NGC 2841 and 
NGC3521). The large diameter end of the distributions varies greatly among the galaxies. 
In three cases, NGC 2976, NGC 3031, and NGC 4736, we see a sharp cutoff at around 400 
pc which, at first glance, does not seem to correlate with galaxy type or any other global 
property. On the other hand it appears that Scd type galaxies tend to have small numbers 
of large (> 1 kpc) holes in their H I distribution. We return to this below. 

The relative number distribution of the expansion velocities is plotted in Figure HI The 
bins correspond to 2 km s~^ and only holes for which an expansion velocity could be measured 
are plotted. The distributions appear to vary significantly among the galaxies mainly because 
of small number statistics. 

Figure E] shows the relative number distribution of the kinetic ages of the holes in the 
19 galaxies in a format similar to Fig. [31 The bins measure 10'' yr. The shaded histograms 
correspond to those holes for which an expansion velocity could be measured, i.e. types 
2 and 3. For type 1 holes, which are likely to have stalled, we adopted a lower limit to 
the expansion velocity which was set to the one-dimensional velocity dispersion of the gas. 
The kinetic age distributions are similar to those of the diameters of the holes which is to be 
expected since the kinetic age is derived from the diameter and the expansion velocity which, 
across the targets, has a small range. M81 (NGC 3031) shows a quite striking distribution. 
As mentioned in the previous paragraph, this galaxy predominantly has small holes. Their 
ages are all below 40 Myr. One possible e xplan a tion i s that M 81 is actively interacting with 



M 82 and NGC 3077: numerical models by I Yuru (119991 ) provide an estimate of 2.2 x 10*^ yr for 



the most recent perigalacticon and it is conceivable that this interaction eventually set off a 
sequence of events which led to a phase of enhanced star formation 0.5 x 10^ yr ago, leading 
to the current abundance of small, young H I holes. Similarly, NGC 2976 appears to have had 
a star formation episode 1 — 2 x 10 ''yr ago triggered by gas infall fr om an intergalactic clo ud 



generated during encounters between members of the M81 group (IBronkalla et al.lll992[ ) 



The relative number distribution of the characteristic energies required to create the 
holes is shown in Fig. [61 The energies are binned logarithmically. It is evident that nearly 
all distributions fall in a range that spans 3 orders of magnitude. The shift towards higher 
energies for the galaxies NGC 2841, NGC 3184 and NGC 3521 is a selection effect due to 
their relative large distance which reduces the linear resolution and sensitivity to pick up 
small holes. In the case of NGC 3627 the shift towards higher energies is due to the fact that 
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this galaxy has the highest velocity dispersion, which is likely driven by the central bar, and 
hence the energies of all type 1 holes have probably been overestimated. 

Figure [7] shows the relative number distribution of the indicative H I masses, binned 
logarithmically. The shape of these distributions is dominated by the diameter distribution of 
the holes, as the volume densities are showing a much smaller range of values {2a from ~ 0.1 
to ~ 0.7 cm~^). The indicative masses span a range of (2 x 10^ — 3 x 10'^ Mq). Apart 
from NGC2403, NGC2976 and NGC3031 which have their distributions skewed towards 
smaller mass values, all other galaxies cover the same range. 

The radial location of the holes in the disk of the host galaxy is illustrated in Figure El 
The horizontal axis represents the galactocentric distance normalized to the maximum extent 
of the H I disk, -Rmax (given in Tab. E]), in bins of size 0.1i?max- From this figure it is evident 
that wherever there is H I, holes are found, even in the outskirts of galaxies. The vertical line 
in the figure indicates the location of R25, confirming the finding that holes are found well 
beyond the main optical body of a galaxy. The number of holes per area has its peak near 
the center, though, as can be seen in Fig. [H] which shows the log of the number of holes per 
kpc^ as a function of i?/i?niax- The surface number density of H I holes is fairly constant or 
slightly drops out to R25, beyond which radius it drops significantly in most of the galaxies. 

Finally, Figure [10] illustrates the relative number distribution of the axial ratio of the 
holes in each galaxy. It appears that dwarf galaxies have rounder holes, on average, than 
spirals (the mean axial ratio for dwarfs is 0.80 and 0.71 for spirals). This w a s firs t ob- 



served in Ho l mberg II by iPuche et al.l (119921 ) and explained by IWalter fc Brinks! (119991 ) and 
Brinks et al.l (120021 ) as follows. Within R25 the H I disk in a dwarf is intrinsically thicker 
than in spirals (see Table |3]) which prevents holes from blowing out at an early stage. Holes 
will therefore remain intrinsically spherical and the apparent axial ratio of an intrinsically 
spherical hole is not affected by the inclination of the host galaxy. Holes in spiral galaxies will 
tend to break out of the disk, leaving an approximately circular feature in the plane of the 
galaxy which, when seen under an angle, will appear elliptical. As will be discussed below 
another possible explanation for this trend is the effect that shear plays on the appearance 
of holes. 



5.2. Relations between Hole Properties 

The trend that dwarf galaxies tend to have rounder holes on average is also evident in 
Figure [11] which presents the axial ratio vs. the diameter of the holes. The last panel in this 
figure shows the entire sample of holes from which can be seen that there are few, if any. 
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round holes larger than 1 kpc. For holes smaller than 1 kpc we see that the axial ratio takes 
the whole range of values indicative of the different factors that determine the axial ratio. 
This is the first of the next series of figures where we search for correlations between two 
observed and/or derived properties among the holes detected in each of the 19 targets. 

Figure [12] is a scatter diagram of axial ratio vs. galactocentric radius. Shear at a point 
Ro with respect to a neighbouring point at distance Ai? in a differentially rotating disk is 
given by: 



5[kms-^kpc-^] = i(^-|^) (19) 

where is the velocity at Ro-, AR is the distance between the points and AV the 
difference in velocity between these two points. The last term in equation 18 is zero for 
a flat rotation curve (A^ = 0). Using the rotation curves of galaxies (where applicable) 
we calculated values for shear between points separated by ~ 0.05% -Rmax as illustrated in 
Fig. [12] (red line). The shear gradient is typically 10-50 kms^^kpc^^, the upper boundary 
being typical for Sa galaxies, later types reaching half this value. This is enough to turn an 
originally circular structure of 500 pc diameter, into an elliptical feature with axial ratio of 
~ 0.5 within 50 Myr. The range in shear gradient listed is what one expects to find between 
the outer and inner regions of a spiral galaxy, the inner regions having the highest values 
(not considering the very inner solid body part). Most dwarf galaxies are dominated by solid 
body rotation, so shear is absent. One would therefore naively expect holes at larger radii 
to be rounder than holes at smaller radii. However no such trend is apparent in the galaxies 
shown in Fig. [12] This null result does not imply, though, that shear is not important in 
spirals. Holes are supposedly continuously formed, and more so within R25, which means 
that there will be many young, and therefore round H I holes populating the inner regions 
of galaxies. In the outer regions, some holes might be sufficiently long-lived for the more 
modest shear there to have an observable effect. One would therefore expect a relation of 
axial ratio with kinetic age in the sense that on a verage older holes i n shear dominated, i.e ., 



spiral galaxies, are less round than younger ones (ISilich et al.lll996l : lElmegreen et al.ll2002l ). 
This is investigated in the next figure. Fig. [13] Except for some of the dwarf galaxies, where 
shear is not that important, only 5% of holes older than 50 Myr are round (average axial ratio 
is 0.70). In the case of younger holes, the entire range of axial ratio is found, as expected, 
as one gets a mix of young, round holes in low shear environments with elliptical ones that 
find themselves in regions of high shear. The destructive role of shear is also illustrated in 
Fig. [S] where the diameter of holes is plotted against shear for galaxies for which it could 
be measured. There is a clear negative correlation between shear and the diameter of holes 
i.e. in environments where shear is higher than ~ 15 kms~^kpc~^ no holes larger than 1 
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kpc were found. 



It is not just shear which defines the observed axial ratio of an H I hole. The axial ratio 
of those holes which have blown out and those that have lost their initial spherical shape due 
to shear depends crucially on viewing angle. The inclination should cause the major axis 
of holes to be aligned with the major axis of the disk. We also know that holes do not live 
in isolation and that two neighbouring spherical holes can merge to form a larger elliptical 
one. All these effects will tend to wash out whatever trend of axial ratio there might be with 
radius. However, there are some conclusions which can be drawn from Figs. [TUHT^ i) H I 
holes in dwarfs are rounder than in spirals (see Sec. 15. 3p : ii) blow-out holes in spirals are 
not circular as we do not observe any alignment between the major axis of the holes and the 
major axis of the disk (if anything, cursory inspection of the figures in the Appendix suggests 
the holes align with the spiral arm structure); iii) there is a sharp cut-off to the axial ratio 
at a level of 0.4. Regarding iii), in the identification process there was no requirement for 
holes to be less fiattened than a certain value. The sharp lower envelope at 0.4 suggests 
then, that structures more elongated than that become difficult to identify as holes. 

The diameter of a hole versus its position in the host galaxy is shown in Figure [TBI 
where the horizontal axis represents the galactocentric distance as a fraction of the H I disk 
radius. In the case of dwarf galaxies there is a tendency for large holes to be located at larger 
galactocentric radii. In spiral galaxies, no such trend is seen. This is somewhat contrary 
to expectations. As we have explained in Sec. El galaxy disks fiare at large radius. One 
would therefore expect holes to be able to grow to larger diameters before breaking out and 
subsequently stalhng, considering that the ambient density also drops with radius. The lack 
of finding a corresponding trend in the diameters of holes could be due to a variety of factors, 
one being that there is a growing incompleteness of finding holes in the very low H I surface 
brightness outer re gions of spirals. A.lternatively, we know that star formation is inefficient 
at large radii (e.g . 



Bigiel et al.l l2008l : iLeroy et al 



Kennicutt 



19891: iMartin et allboOll : ISchavel l20o4 iThornlev et"aDl2006 



20081 



I and consequently the number of stars more massive 



than 8 Mq which are formed cospatially decreases, reducing the total energy deposited after 
their demise as supernovae, resulting in holes of more modest diameter. Another possible 
explanation is that the ambient density drops significantly perpendicular to the disk of the 
galaxy and therefore holes will tend to be elongated in this direction. Consequently, even 
though these chimney-like structures will be intrinsically larger in the direction perpendicular 
to the disk, when viewed inclined, they might appear to have a lower ellipticity and mimic 
spherical features. 

Figure [16] shows the diameter of a hole versus its expansion velocity for t hose holes for 
which we could measure this, i.e., types 2 and 3. Contrary to the findings by IStanimirovic 
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(120071) we do not fin d a trend of increasing expansion velocity witli increasing size. However, 



Stanimirovid (120071 ) were able to detect lioles down to 15 pc wliere tliis trend is strongest. 
We sfiould also like to note that their result is based on just one interacting system, the 
LMC/SMC. There are examples in Figure [12] of individual galaxies which show a similar 
trend, such as Ho H and NGC4736. However, this trend does not dominate across galaxies. 
This is also illustrated in Fig. [17] where we plot on a log-log scale expansion velocity versus 
hole diameter for all expanding holes across the entire sample of galaxies. In this figure the 
straight lines correspond to lines of constant age, drawn at (0.5, 1, and 5) x 10^ yr. Assuming 
Chevalier's single blast approximation and, for simplicity a constant ambient density of 
rto = 1.0 cm~^, we can draw curves of constant required energy. There are two competing 
mechanisms which both contribute to the way the points are distributed in Figs. [16] and [17] 
Once a supernova has gone off, the ejecta which initially move at high speeds will slow down 
as they interact with the surrounding circumstellar medium and ISM, eventually entering 
the snowplough phase which is when we tend to identify them as H I holes. One would 
therefore expect larger holes to have lower expansion velocities. On the other hand, as long 
as stars from the parent OB association go off as SNe, energy is continuously deposited and, 
if the expanding shell has not yet suffered blow-out, will maintain an over-pressure within 
the shell which in turn will keep up an accelerated flow. The latter mechanism is more likely 
to dominate in the smaller, younger holes. It is then interesting t o note that th e distr ibution 



of points in our Fig. [T7] agrees with the corresponding graph in IStanimirovid (120071 ) if one 
restricts the comparison to holes larger than 100 pc. In other words we hypothesize that the 
relation found by these authors is possibly a consequence of the smaller holes still harboring 
supernova activity. 

In Figure [18] the energy requirement of each hole versus its radial distance is presented. 
The radial distribution is normalized by the radius of the H I disk, -Rmax- In ten, mostly 
spiral galaxies there appears to be a trend of higher energy holes to be located at smaller 
galactocentric radius. Further analysis showed that in all galaxies, apart from NGC4214, 
the average energy requirement is higher for holes lying within R25 {Ee = 2.1 x 10^^ erg) 
than for those outside this radius {Ee = 1.0 x 10^^ erg). This might be due to the fact that 
the external pressure is higher within - R9.5. First of all th e gas density is higher near the 



center, as can be verified in the paper by lLeroy et al.l ( 120081 ). Secondly, the SFR is higher in 



the central regions than in the outskirts which translates into more holes being created (cf.. 
Fig. [9]), increasing the velocity dispersion and hence pressure of the gas. 

We also investigated the following relations, but there do not seem to be any trends of 
expansion velocity with either of axial ratio, displaced mass, energy required to produce the 
hole, or with galactocentric radius. Neither is there any relation linking kinetic age with 
position from the center in a galaxy. 
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5.3. Comparison of Properties across the THINGS sample 

As was mentioned earlier, we selected 20 galaxies out of the 34 available. We ensured 
that we had 2 galaxies per Hubble type. Within each Hubble type, we tried to select 
galaxies which differed in some property, such as SFR, to explore as wide a parameter space 
as possible. If we look at the distribution of the kinetic age of the holes across the sample, 
we find a trend which becomes more obvious if we group the galaxies in terms of early- 
type, late-type and dwarf galaxies as illustrated in Fig. [191 The mean kinetic age shifts 
towards higher values when we move from early-type spirals (tkin = 13.9 Myr) to late-type 
(^kin = 31.6 Myr) to dwarf galaxies (tkin = 32.5 Myr). This can be understood as follows. 
The kinetic age is driven by the diameter distribution, as the expansion velocities cover a 
limited range, as mentioned earlier. Disks of earlier type spirals present shear and spiral 
density waves, both mechanisms actively rearranging the gas within the disks and limiting 
the time an H I hole may survive. Dwarf irregulars lack both shear and spiral arms. In 
spiral galaxies where shear is strong (NGC2976, NGC3031, NGC3627, and NGC4736) the 
maximum kinetic age is observed to be 40 Myr in contrast to the dwarf galaxies where we find 
holes of up to 140 Myr. Overall the kinetic age ranges from 10 to 140 Myr, the upper limit 
refiecting the fact that holes would blend and possibly be destroyed after one full rotation of 
the disk. A second explanation for the observed trend is the same argument that applies as 
used when discussing Fig. [101 namely that the scaleheights of the disks in early-type spirals 
are small in comparison with those in dirrs which means that shells will break out of the disk 
sooner in the former and the remnant shell will stall, leading to H I holes in spirals having 
on average smaller diameters, hence leading to systematically lower age estimates. 

In order to make this analysis more quantitative we decided to split the sample up in 
spiral and dwarf galaxies. The subsamples consist of 12 and 7 members, respectively, with a 
total of 831 versus 183 H I holes. The comparison between the subsamples was carried out 
via Mann- Whitney (M-W) and Kolmogorov-Smirnov (K-S) tests. Both are non-parametric 
tests for assessing whether two samples can be drawn from the same parent distribution 
based on differences in the location of the medians (M-W) and differences in the shape of 
the two distributions (K-S). In order to accept or reject a hypothesis we took a 3-sigma 
level as the minimum significance level on both tests. In the following we compare the two 
subsamples of spirals and dwarfs in graphical form. The results of the M-W and K-S tests 
are summarised in Table O 

Fig. [20k shows the difference in the distribution of diameters of the holes between dwarf 
and spiral galaxies. It appears that dwarf galaxies have larger holes on average than spiral 
galaxies. A Mann- Whitney test confirms this as well. This is of course not surprising in 
the light of the current discussion. What is surprising is that dwarf galaxies appear to have 
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fewer small holes [d < 200 pc) even though the spatial resolution is better on average. This 
can be understood by realising that whereas star formation is a continuous process in spiral 
galaxies, it tends to occur in bursts in dwar fs. The time betwe en bursts is longer than the 



duration of the star formation episodes (e.g.. iGerola et al.lll980l ) so it is likely that the dwarf 



galaxies whose ISM is currently riddled with H I holes are in a post-starburst phase. There 
will therefore be a relative lack of small holes, most holes having had the time to grow to 
typically ~ 100 pc and beyond. 

In this comparative analysis we included all holes. However, the galaxies are spread 
over distances which cover a factor of ~ 3 between the closest and most distant one (in 
addition, the angular resolution varies slightly across the sample). Therefore, small holes 
in those galaxies that are further away will escape detection. If we exclude NGC2841 and 
NGC3521 from our sample then for the rest of the galaxies there is a minimum common 
spatial resolution of 280 pc, i.e. we should have a complete sample of holes larger than 280 
pc in 17 galaxies. 

Fig. [2Ub illustrates the distribution of diameters of holes larger than 280 pc between 
dwarf and spiral galaxies. We now see that spiral galaxies have slightly larger holes than 
dwarf galaxies. We can understand this as follows: the energy requirement of expanding 
holes larger than 280 pc. Fig. [20b . shows a clear differentiation in the distribution of the 
two types of galaxies (K-S test). Holes in spiral galaxies appear to be significantly more 
energetic. Based on the way the energy is derived this difference could be due to the fact that 
holes in spiral galaxies are intrinsically more energetic, for example because OB associations 
in spirals are more massive. The effect of spirals having a larger energy input, on average, 
translates into spiral galaxies having larger H I holes. 

As was mentioned earlier, it appears that dwarf galaxies have rounder holes than spirals. 
This trend is apparent in Fig. [2Ul i. where we plot the distributions of the axial ratio for the 
two types of galaxies. It is again clear that the two distributions differ (Mann- Whitney test). 

The spatial distribution of the holes appears to be dependent on the type of the host 
galaxy as illustrated in Fig. [2Ub . In spiral galaxies holes appear to be concentrated within 
a smaller area of the disk, whereas in dwarf galaxies holes are distributed over a larger 
area. This is confirmed by a Mann- Whitney test. Even though the difference between the 
two distributions is subtle the result can be understood as being due to the fact that star 
formation in spiral galaxies mostly happens in the spiral arms which are located within the 
i?25 radius. In dwarf galaxies star formation is spread across the entire disk. 

To investigate this further we divided our sample of holes based on R25, i.e., holes 
located inside and outside of this radius. We find that regardless of the type of the galaxy. 
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holes outside R25 are larger and older, as illustrated in Fig. l2Tk and b. This is confirmed 
by the relevant Mann- Whitney test. This is in agreement with holes outside R25 being less 
affected by processes such as shear. When we look at the sample of holes larger than 280 pc 
no significant differences are found in the diameter and kinetic age distributions within and 
outside i?25- 

There is no discernible difference in expansion velocity (Fig. l2Tb ) even after we remove 
the stalled holes from our sample (Fig. I^IH). Looking at the distribution of the energy 
requirement of holes larger than 280 pc with respect to R25 we find that on average holes 
have higher energies when located inside this radius (Fig. l2Tfe). This holds true even when we 
break down our sample according to galaxy type (dwarf or spiral). Given that the diameter 
and expansion velocity distributions are similar in these two regions we conclude that this 
is driven by the difference in volume density. 

Regarding the types of the holes we found that in spiral galaxies there are more partially 
and fully contained holes (type 2 and 3) within R25 (Fig. [2T]f). This is in agreement with 
the fact that holes inside R25 are smaller and younger, on average. 

Because we are essentially complete (to our detection limit) for holes larger than 280 
pc in diameter, we looked for relations of this subset of holes across our galaxy sample 
(excluding NGC2841 and NGC3521). The number per kpc^ of these holes is presented in 
Figure [22] where this number density is plotted on a log scale against a) optical diameter 
of the host galaxy and b) against galaxy (Hubble) type. It is clear that despite the scatter 
there is a clear trend in the sense that the number density of holes decreases with increasing 
galaxy size. 

In the plot of number density against Hubble Type there is a weak trend, the number 
density remaining more or less constant except for the class of dwarf galaxies (which are 
dominated by large holes) . This trend is also apparent in Figure [23] which shows the average 
porosity of all the holes in a gal axy, versus the type of the host galaxy. The porosity 



parameter, Q (ICox &: Smith! 11974] ). is the ratio of total volume (or area) occupied by holes 
to the total volume (or area) of the host galaxy. For the total volume of the galaxy we used 
i?max and the radial scale height as the thickness o f the galax y. The dwarf galaxies stand 



out as being on average more porous than spirals. ]Silk] (119971 ) predicted that the porosity 
should anti-correlate with star formation surface density. As illustrated in Figure [231 later 
Hubble types have higher porosity, an d these same late- type galaxies form stars at a lower 



rate per unit mass than earlier types (ILeroy et al.ll2008l ). Fig. [21] shows the 2-D porosity 



as a function of radius. Although similar to the radial H I hole surface density distribution 
(Fig. [9]), it is not identical as the 2-D porosity distribution takes into account not just the 
number of holes, but also their size. What we find is that the porosity generally decreases 
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as a function of radius with, as an exception perhaps, several of the dwarf galaxies such as 
Hoi and Ho II, where the histograms stay fiat. The low porosity in the outskirts is likely a 
reflection of the generally lower star formation rate (SFR) density in these regions, i.e., well 
beyond the optical radius of a galaxy. 



5.4. H I holes and the link with Star Formation 



The ISM of galaxies is dominated by structures which are thought to originate from 
local energetic events. Even though OB associations, through the effects of stellar winds 



fOev & Clarke 


1997 


), a direct correlation between OB associations and H I holes is often 


lacking (e.g., 


Kamphuis 


1993; 


van der Hulst 


1996; 


Rhode et al. 


1999; 


PasQuali et al. 


2008; 


Weisz et al. 


2009b). Furthermore, there have been cases of holes with enerev requirements 



that surpass the energy input fr om OB assoc i ation s, or of holes which are found in regions 



such as the Magellanic Bridge (jStanimirovid 120071 ) where star formation is essentially ab 



sent. This has often been used as an argument to question the supernova origin leading to 
the many alternative explanations listed in the introduction. There are cases, notably the 
LMC/SMC where a clear link is found between massive stars and the location of H I holes 



( Stanimirovic 



2007D. althou gh even there in some 10% of the cases no such link is evident 



( iHatzidimitriou et al.ll2005l ) 



As Fig. [8] illustrates, in all but three galaxies many holes are found beyond the optical 
disk (-R25) of the parent galaxy. If the holes are indeed due to OB associations this picture 
may be problematic as the SFR densit y drops steeply beyond i?25- It has been suggested that 
a "galactic fountain" (jBregmarull980l ). i.e., material expelled into the halo of the galaxy by 
supernova explosions, could be invoked. Hot fountain gas would eventually cool and fall back 
on to the disk, creating holes away from the original location of the OB association. If this is 
indeed the case then one would expect to find extraplanar gas in abundance surrounding the 
H I disk. Evidence of extraplanar gas expelled f rom galaxy disks , as ex pecte d in the "galactic 
founta in" model has recently been found by lOosterloo et al.l (120071) and iBoomsma et al. 



( I2OO8I ) . In addition, mo d els of extraplanar gas by iFraternali fc Binneyl ( 120061 ) and deep H I 
studies by ISancisi et al.l (120081 ) do show a substantial supply of gas within a thick H I disk 
and halo, but their analysis seems to favour an external origin for this gas. 



^Recent results from the GALEXNearhj Galaxies Survey (iGil de Paz et al.ll2007l : iThilker et al, 

20071 ) have obviated the need for these alternative explanations. Many galaxies show ex- 



tended UV (XUV) disks. HST ACS observations reso lve these XUV-disk sources into loosely 
clustered complexes, likely evolved OB associations ( IThilker et al.l 120081 ) and it thus seems 
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Table 5. Significance values of Mann-Wliitncy and Kolmogorov-Smirnov tests across a 

number of hole properties 







Dwarf— Spiral 


R25 


Property 


Sample 


M-W 


K-S 


M-W 


K-S 


d 


All 


< 0.0005 


< 0.0005 


0.015 


0.002 


d 


d > 280 pc 


< 0.0005 


< 0.0005 


0.078 


0.025 


Vexp 


All 


< 0.0005 


< 0.0005 


0.036 


0.003 


Vexp 


Expanding 


0.049 


0.006 


0.541 


0.543 


^kin 


All 


< 0.0005 


< 0.0005 


< 0.0005 


0.001 


*kin 


d > 280 pc 


0.354 


0.227 


0.408 


0.127 


Ee 


d > 280 pc 


< 0.0005 


< 0.0005 


< 0.0005 


< 0.0005 


Ee 


d > 280 pc, expanding 


< 0.0005 


< 0.0005 


< 0.0005 


< 0.0005 


Axial Ratio 


All 


< 0.0005 


< 0.0005 


0.573 


0.578 


Axial Ratio 


d > 280 pc 


0.001 


0.017 


0.851 


0.397 


R 


All 


< 0.0005 


< 0.0005 






R 


d > 280 pc 


< 0.0005 


< 0.0005 







Table 6. Supernova and star formation rates 



Galaxy 




log{SFRHales) 


log{SFR 


corr ) 


log{EE) 


logi^sN) 


logii^iT) 




O20 






(Moyr-i) 


(Me yr' 




(Mq yr- 




(IqSO erg) 


(SNyr-l) 


(SNyr-i) 








NGC 628 


0.1 




-2.0 




1.3 


4.9 


-4.2 


-0.8 


-3.6 


3.1% 


4.8% 


NGC 2366 


-1.0 




-3.2 




-1.2 


3.4 


-5.3 


-3.3 


-2.6 


2.6% 


0.8% 


NGC 2403 


-0.1 




-2.8 




-0.6 


4.0 


-4.9 


-2.7 


-2.7 


2.7% 


2.9% 


Holmberg II 


-1.1 




-2.7 




-2.2 


4.4 


-4.8 


-4.3 


-0.8 


12.8% 


16.3% 


DDO 53 


-2.1 




-4.2 






2.0 


-6.1 










NGC 2841 


-0.7 




-3.0 






3.8 


-5.1 






0.3% 


0.3% 


Holmberg I 


-2.2 




-4.3 






2.7 


-6.4 






1.9% 


0.8% 


NGC 2976 


-1.0 




-5.1 






2.3 


-7.2 






1.5% 


0.9% 


NGC 3031 


0.0 




-3.5 




0.3 


3.3 


-5.6 


-1.8 


-3.9 


0.8% 


0.4% 


NGC 3184 


0.2 




-2.2 




-0.4 


4.9 


-4.3 


-2.5 


-2.7 


3.0% 


2.0% 


IC 2574 


-0.9 




-3.1 




-1.8 


4.3 


-5.3 


-4.0 


-1.8 


5.1% 


7.0% 


NGC 3521 


0.5 




-2.3 






4.3 


-4.4 






0.4% 


0.4% 


NGC 3627 


0.4 




-2.7 




0.6 


4.1 


-4.8 


-1.6 


-3.5 


1.9% 


2.8% 


NGC 4214 


-1.3 




-3.1 




-0.2 


3.7 


-5.2 


-2.3 


-3.1 


11.8% 


19.4% 


NGC 4449 


-0.3 




-2.4 




-0.1 


4.3 


-4.5 


-2.2 


-3.1 


7.4% 


2.5% 


NGC 4736 


-0.4 




-2.7 




0.7 


4.2 


-4.8 


-1.4 


-3.8 


0.7% 


0.1% 


DDO 154 


-2.4 




-4.1 






2.5 


-6.2 






1.1% 


0.3% 


NGC 5194 


0.8 




-1.7 




0.4 


4.9 


-3.8 


-1.7 


-3.1 


3.9% 


6.1% 


NGC 6946 


0.7 




-2.1 




0.3 


5.0 


-4.2 


-1.8 


-2.8 


3.4% 


3.0% 


NGC 7793 


-0.3 




-2.6 




-1.2 


4.0 


-4.8 


-3.3 


-2.4 


2.9% 


2.5% 



Note. — Col 1: Galaxy name: Col 2: SFR based on Ha; Col 3: SFR based on observed holes; Col 4: Corrected SFR derived from 
hole distribution function; Col 5: Total energy of holes; Col 6: SN rate based on observed holes; Col 7: Corrected SN rate derived from 
hole distribution function; Col 8; the slope of the hole distribution function; Col 9; surface porosity; Col 10; volume porosity 
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safe to assume for the moment that the majority of H I holes, even those well beyond R25 
are the result of massive star formation. If this is the case we can derive an independent 
estimate of the SFR of the host galaxy based on the energy requirements of the holes in a 
manner similar to how HII regions are related to the SFR based on measurements of their 
Ha flux; for an instantaneous burst and as long as the SF region is younger than 20 Myr, the 
Lyman-continuum output is constant and scales linearly with the SFR. An instantaneous 
burst does not have a SF rate but taking an ensemble average over an entire galaxy, this 
becomes equivalent to seeing a continuous SFR. The conversion between Ly-cont flux and 
SFR thus becomes independent of burst age. In the case of H I holes we are looking at 
individual and instantaneous events which, if averaged over an entire galaxy can similarly 
be linked to a SFR, under the assumption that every SF event will result in a hole. This 
assumption is likely to lead to an underestimate of the true SFR, of course. 

If we assume that the supernovae that create H I holes ar e all of Type II and that 



the kinetic energy released by a Type II supernova is 10^^ erg (IMcCray fc Kafatod 119871 ) 
we can estimate for each hole the number of stars in the parent stellar association with 
masses above 8 M^;^ (the m inimum mass a star must have to go off as a Type II supernova. 



Biermann fc Tinsleylll974j ). 



Fig. [25] shows the number of SN per 10 Myr bin i.e the star formation history of each 
galaxy by plotting a histogram of the number of SN needed per hole against age of the hole 
for all holes in a galaxy. The letters E, L, D in the upper right corner stand for early-type, 
late-type and dwarf galaxy. For most of the galaxies (and specially all early-types) there is 
a cut-off at ~ 60 Myr indicating there is large incompleteness due to shear and diffusion. 
The lack of SNe younger than ~ 10 Myr in some of the galaxies is a reflection of the lower 
resolution obtained for these galaxies. So, overall, holes trace the supernova history from 10 
to 60 Myr, a time frame of 50 Myr. From Fig. [23] we learn that for most galaxies the SN 
history as derived from the H I holes is more or less constant. What this means is that by 
taking an ensemble average over a galaxy, and assuming a typical lifetime for an H I hole 
of 60 Myr, we can convert the supernova history into a supernova rate. The values for the 
calculated SN rates are hsted in Table [6] 

The supernova rate is proportional to SFR(M> 8Mq), the star formation rate for stars 
more massive than 8 Mq. We can derive the total SFR by assuming a Salpeter IMF and 
integrating this between upper and lower stellar mass limits of 120 and 0.1 M©. Given 
the fairly large uncertainty in the energy requirements of the holes the choice of IMF is 
not particularly critical. Using a Salpeter IMF we find that SFR ~ 134xSFR(M> 8M0). 
The calculated SFR over 50 Myr, hereafter referred to as SFRj^o/es, correlates very well 
(Spearman's rho=0.78) with the current (Ha) SFR as illustrated in Fig. [26] and Table [2] but 
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our values fall short by 2-3 orders of magnitude. The error bars are formal errors using the 
uncertainties quoted in the observed and derived quantities. 

The SFR based on the H I holes is a lower limit and depends critically on the energies we 
estimated. Various factors conspire to make this a lower limit. Our estimate for the kinetic 
age is an upper limit therefore the SFR derived here is a lower limit by default. In addition, 
our limited spatial resolution means that we are missing holes smaller than 100-200 pc in size. 
Given that these dominate the H I distribution (compare, e.g. the higher linear resolution 
data on the LMC /SMC) they accoun t for a large fraction of the star formation. From 



theoretical models (lOey &: Clarkelll997l ) and from studies of the Magellanic Clouds we know 
that the size distribution of holes follows a power-law. This is also evident from our data 
for the galaxies with the highest resolution (e.g., NGC3031, NGC2403 and Holmbergll). 
We derived an H I-hole distribution function for each of the galaxies and fitted a power-law 
to the high end part of each ga l axy. O n average we find an exponent of = —2.9, in good 
agreement with lOey fc Clarkd (119971 ) who predict —4 < a,y < —2. This is illustrated in 
Fig. [27] for the integrated distribution function over all galaxies, for holes with sizes larger 
than 280 pc. The average error of a^y is of order 25% although in cases where the sample of 
holes is small the error is of order 50%. As Fig. illustrates there is a correlation between 
tty and the type of the galaxy. Early-type spirals exhibit a steeper slope than late-type 
spirals and dwarf galaxies. This is a consequence of what we discussed above, namely that 
early-type spirals are dominated by a large number of small holes whereas dwarf galaxies 
have proportionally larger holes. We can extrapolate this power-law to the smallest size 
hole that has been discovered (Milky Way and SMC). Integrating from 10 pc to the spatial 
resolution in a particular galaxy we can derive corrected supernova and SF rates, u^^^ and 
SFRcorr for all galaxies, assuming that every star forming region will create a hole. These 
values (tabulated again in Table |6]) are likely to be representing the current SF since the vast 
majority of holes will now be small and young. We plot SFRcorr in Fig- 121] and find that 
our rather bold extrapolation indeed brings the corrected SFR to within the range found 
based on other SFR indicators, although the scatter has increased considerably as well. We 
do not wish to push this exercise too far but if anything, the hypothesis that holes are a 
consequence of massive star formation is compatible with our observations. Moreover, future 
studies at higher linear resolution and increased sensitivity should allow us to probe the size 
distribution down to H I holes created by a single SN event, leading to a near complete census 
of such features and a thorough testing of this assertion. Deep optical and UV observations 
that are able to resolve individual stars will be instrumental in characterising the expected 
remnant stellar population inside the holes. 
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6. Summciry 

The present study is the first attempt to identify and compare in a systematic and 
consistent way H I holes across a range of nearby galaxies. Our sample consists of 20 spiral 
and dwarf galaxies which have been observed as part of the THINGS project. A detailed 
examination of the neutral ISM reveals a wealth of structures, the dominant one being formed 
by H I holes; out of more than 4000 candidate holes we catalogued the 1000 highest quahty 
ones for which we determined a set of observed and derived properties. The number of these 
structures varies from galaxy to galaxy, partly because of the different linear resolution of our 
observations at the distance of the targets, and partly due to intrinsic differences between 
the galaxies, such as viewing angle. The target selection, and the wide range of observed 
characteristics, preclude us from performing any type of statistical analysis on a "complete" 
sample. Instead, we base our study on a comparative analysis, identifying broad trends. 

Diameters of H I holes range from 100 pc (the resolution limit for the closest targets) to 
~ 2kpc with the majority being smaller than 200 pc. Holes for which we could measure an 
expansion velocity (types 2 & 3, typically making up 10% to 50% of the holes) list values in 
the range of 4 — 36kms^^. Their kinetic age varies from 3 to 150 Myr. H I holes are found 
throughout the H I disk of the parent galaxy, all the way to the edge of the observed atomic 
gas distribution. Across the sample, 77% of the holes fall within i?25, the main optical body 
of a galaxy, the remainder populate the outskirts. Their number surface density is fairly 
constant within R25 but drops at larger radii. A comparative analysis shows that: 

1. HI holes in dwarfs are rounder, on average than in spirals; 

2. blow-out holes in spirals are not circular as, otherwise, the inclination under which the 
disks are viewed would cause the major axis of holes to be aligned with the major axis 
of the disk; 

3. there is a lower limit to the axial ratio at 0.4. 

The above results lead us to propose that in spiral galaxies, shear is an important 
mechanism that not only modifies the shape of the holes but also limits the time they 
are observable, i.e., their kinetic age. This age limit is of order 50 Myr. Dwarf galaxies 
predominantly rotate more like solid bodies, hence shear does not play a major role there 
and consequently holes in dwarf galaxies are rounder, larger and older than in spirals. Here 
we note that diameter and kinetic age are closely linked as the expansion velocity covers a 
modest range (typically a factor of a few) whereas the diameter of the holes covers an order 
of magnitude in range. 
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Dividing the sample into dwarf and spiral galaxies, we were able to draw the following 
broad conclusions. 



1. we find no difference in expansion velocity between dwarfs and spirals; 

2. the radial distribution of H I holes is more extended in dwarf galaxies; 

3. holes outside i?25 are larger and older; 



The fact that holes outside R25 are larger and older is likely again a consequence of 
shear which is most effective within R25. We did not find a correlation b etween the diameter 
and expansion velocity as found in the LMC/SMC (jStanimirovig 120071 ) . We note that their 
correlation is strongest for small holes and speculate that this relation is due to small holes 
not having reached their final size yet, but that they are still being powered by ongoing SN 
explosions. 

The porosity of the ISM was found to be higher in later Hubble types. We speculate 
that the lack of destruction mechanisms in dwarf galaxies contributes to this trend. In 
addition, higher porosity values translate to a more dynamic ISM where star formation 
becomes inefficient. The surface an d volume p orosity {Q2D and Qsd) correlate with the type 
of the host galaxy as predicted by ISilkl ( 1l997l ) : later Hubble types tend to be more porous 
which refiects their current lower star formation rate per unit mass. 

The size distribution of the hol es in our sample foll ows a power law with a slope of 
a,^ ~ —2.9 in broad agreement with lOey fc Clarkd ( 19971 ). Individual galaxies have slopes 
ranging from —2 to —4. Since our spatial resolution is at best 100 pc, we are missing a 
substantial number of small holes. Assuming a power law shape for the size distribution, 
and a minimum hole size of 10 pc, expected to be the size of a shell created by a single O 
star, we can extrapolate our observations and predict the total size distribution of holes. 

Assuming that the holes are the result of massive star formation, we derive values for 
the SFR over a time-frame of 50 Myr that correlate with the SFR derived based on other 
tracers but at the same time underestimating the true SFR if we restrict ourselves to the 
observed holes. When we apply an extrapolation to holes created by a single supernova, we 
find a surprisingly close agreement. This agreement does not mean that one would able to 
estimate the SFR of a galaxy based on the holes, but it does show that H I holes can be 
understood as being the result of star formation. 
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Fig. 1. — Scale heights as a function of galactocentric (R) radius normahsed to R25 for dwarf 
galaxies (top panels), early- type (bottom left) and late-type (bottom right) spirals. The 
dotted lines correspond to the scale height calculated using Eq. 2 and the solid lines to a 
best fit function. 




Fig. 2. — Examples of the appearance in pV diagrams of type 1 (top panel, hole no 21 in 
IC2574), ty pe 2 (middle, no 23 in I C2574) and type 3 (bottom, no 90 in NGC2403) holes 
as defined in [Brinks fc Bajajal (119861 ) . The solid lines illustrate the position and shape of the 
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Fig. 3. — Relative number distribution of the diameters of the holes. The vertical dashed 
line indicates the lower limit set by the linear resolution. Each panel lists the galaxy it 
refers to and the last panel shows all holes as well as the worst linear resolution across the 
entire sample (dashed line). The number in parentheses indicates the total number of holes 
represented by the histogram. 
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Fig. 4. — Relative number distribution of the expansion velocities of the expanding holes. 
Each panel lists the galaxy it refers to; the number in parentheses indicates the total number 
of holes represented by the histogram. The sharp cut-off point at ~ 5 km s~^ is due to our 
velocity resolution. 
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Fig. 9. — As Fig. |8] but showing the number of H I holes per kpc^ as a function of galac- 
tocentric radius normahsed by i?max- The dashed vertical line indicates for each galaxy the 
corresponding location of i?25- The y-axis is plotted on a logarithmic scale. 
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Fig. 10. — Relative number distribution of the axial ratios of the holes. The bottom right 
panel shows the distribution of all holes combined. Each panel hsts the galaxy it refers to; 
the number in parentheses indicates the total number of holes represented by the histogram. 
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Fig. 11. — Axial ratio vs. diameter of the H I holes. The bottom right panel shows the 
accumulated result for all galaxies where, rather than plotting individual values we present 
the data binned and in the form of a density plot. Each panel lists the galaxy it refers to; 
the number in parentheses indicates the total number of holes represented by the histogram. 
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Fig. 12. — Axial ratio vs. radial distribution normalized to -Rmax with shear overp lotted (red 
line, axis on the right hand side of the plots and maximum value on the bottom). The dashed 
vertical line indicates for each galaxy the corresponding location of i?25- The bottom right 
panel shows the accumulated result for all galaxies where, rather than plotting individual 
values we present the data binned and in the form of a density plot. Each panel lists the 
galaxy it refers to; the number in parentheses indicates the total number of holes represented 
by the histogram. 
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Fig. 13. — Axial ratio vs. kinetic age in units of 10® yr of the stalled (black) and expanding 
(red) H I holes. 
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Fig. 14. — Shear vs. diameter of the holes for galaxies for which shear could be measured. 
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Fig. 15. — As Fig. [12] but showing diameter vs. normalized radial distribution. The dashed 
vertical line indicates for each galaxy the corresponding location of i?25- The bottom right 
panel shows the accumulated result for all galaxies where, rather than plotting individual 
values we present the data binned and in the form of a density plot. 
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Fig. 16. — Diameter vs. expansion velocity of the expanciing H I holes. 
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Fig. 17. — Diameter vs. expansion velocity of the expanding H I holes across the entire 
sample of galaxies. The dotted hnes represent kinetic ages of 5 (top line), 10 and 50 (bottom 
line) Myr. The sohd hnes represent energies of 10^^ (leftmost line), 10^° and 10^^ (outermost 
line) erg. 
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Fig. 18. — Energy requirement, plotted logarithmically, vs. normalized radial distribution of 
the H I holes. The dashed vertical line indicates for each galaxy the corresponding location 
of i?25- The bottom right panel shows the distribution of all holes combined. 
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Fig. 19. — The distributions of the kinetic ages of the H I holes divided into 3 different 
groups of galaxies (from early-type spirals to dwarf galaxies). The dashed lines represent 
galaxies with the worst resolution hence their distributions are skewed to the right. The 
I/— axis shows the relative number distribution, P. 
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Fig. 20. — Histogrammes of various observed and derived properties of the H I holes, spht 
over two subsamples: spiral and dwarf galaxies. The numbers in parentheses indicate the 
number of holes in each group. Panels a,d and e include all holes, panel b includes holes 
larger than 280 pc and panel c includes all expanding holes larger than 280 pc. See Sec. 15. 3^ 
3rd par. for details. 
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Fig. 21. — Histogrammes of various observed and derived properties of the H I holes, spht 
over two subsamples: holes located within or outside i?25- See Sec. 15. 3[ 8th par. for details. 
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Fig. 22. — Log of the number of holes {d > 280 pc) per square kpc versus a) D25, and b) 
galaxy Type. Each point represents one galaxy and the solid lines represent a linear fit to 
the data. 
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Fig. 23. — Surface (Q2d) and volume (Qsd) porosities of the H I holes versus Hubble Type. 
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Fig. 24. — The 2-dimensional surface porosity distribution (per annulus) as a function of 
normalized radius. The vertical, dashed line is drawn at R25- 
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Fig. 25. — The number of SNe needed to create the H I holes as a function of the kinetic 
age in bins of 10 Myr. Note that the y-axis is on a logarithmic scale. 
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Fig. 26. — SFR derived from the H I holes plotted against the literature SFR based on 
observations of the Ha flux. The fitted solid line has a correlation coefficient of 0.78 and 
corresponds to log(SFRHoies) = -2.60(±0.15) + 0.69(±0.15) log(SFRHa) 
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Fig. 27. — The distribution function of the H I holes across the entire sample of galaxies. 
Only holes larger than 280 pc were used. The solid line represents the best power law fit to 
the data. 
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Fig. 28. — The slope of the distribution function of the H I holes vs. the type of the galaxy. 
Early-type spirals have a steeper slope compared to late-type and dwarf galaxies. 
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Fig. 29. — Corrected SFR derived from the H I holes plotted against the hterature SFR 
based on observations of the Ha flux. The fitted sohd hne has a correlation coefficient of 
0.78 and corresponds to log(SFRcorr) = -0.05(±0.23) + 1(±0.34) log(SFRHa). The dotted 
line corresponds to a one to one correlation. 
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A. Description 

In this appendix, we present each galaxy individually. We give a short description of 
each galaxy and an outline of our results. The complete hole catalogues are presented in 
section [Bl Tables IB1HB201 Each table has 14 columns: Column 1 is the number of each 
hole; Columns 2 and 3 the position (in a and 5 in J2000.0); Column 4 the heliocentric 
velocity, Vhei, of the centre; Column 5 the type; Column 6 the diameter, d\ Column 7 the 
expansion velocity, VJjxp; Column 8 the position angle, P. A.] Column 9 the axial ratio of 
the hole, fomin/^maj; Columu 10 the galactocentric radius, R; Column 11 the volume density, 
nni, around the hole; Column 12 the kinetic age, tkin; Column 13 the estimated energy 
requirement, logiE^] and Column 14 the estimated H I mass, log[MYa)i missing from the 
hole. Figures ICltiC26l in section O show the detected H I holes overlaid as ellipses on the 
H I surface brightness maps. 



A.l. NGC628 

NGC628 is a grand-design Sc spiral galaxy located at a distance of 7.3 Mpc and is seen 
almost completely face-on. We detected 104 holes in its H I layer, with diameters ranging 
from 0.24 kpc (the resolution limit) to 2 kpc. Only a small fraction of these holes are type 
3 (~ 5%). Several supershells were detected, however 4 cases (holes number 24, 45, 47 and 
99) are probably superpositions of 2 or more holes. 



A.2. NGC2366 



NGC 2366 is a dwarf galaxy member of the M 81 group. It is considered to be a typ- 
ical irregul ar galaxy and is characterize d by a supergiant H II complex (NGC 2363) in the 
southwest ( lYoungblood &: Hunterlll999l ). We detected 26 holes in NGC 2366 but since this 
is a highly inclined system {% = 63.8°) we might be missing out on some features. All of the 
detected holes appear to be relativel y young as th e ir kiii etic age was found to be between 
6-38 Myr. In a previous H I study iHunter et al.l (l200lh searched for but did not detect 
any holes, however their spatial resolution was ~ 260 pc, almost 2.5 times worse than our 
resolution. 
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A.3. NGC2403 



Another member of the M81 group, NGC2403, is a la te- type spiral galaxy located 
at a distance of 3 . 2 Mpc . It has previously been studied by iThilker et al.l ( 119981 ) and by 
Mashchenko et al.l (Il999l ) using an automated object recognition package who detected 50 
and 601 holes respectively. Even though this galaxy is highly inclined {i = 62.9°), its close 
proximity and good resolution allowed us to detect 173 holes in its H I distribution. A few 
supershells were detected but the majority (81%) of the holes are smaller than 350 pc in 
diameter and younger than 20 Myr. There are also several special cases: some of the holes 
are most likely a superposition of two or more holes (holes number 51, 157 and 173); holes 
number 10, 43 have a peculiar signature in pV space. 



A. 4. Holmbergll 

Holmbergll is a gas-rich dwarf galaxy located at a distance of 3.4 Mpc and is a member 



of the M 81 group of galaxies as well. An H I hole analysis was carried out by iPuche et al. 



(I1992I ) in which they found 51 holes across the entire face of this galaxy. We detecte d 39 



holes in Holmbergll the majority of which were also detected by iPuche et al.l ( 1l992l ). all 
with very good agreement with respect to the position and size of the holes. The difference 
in the number of holes detected is due to our strict criteria of what constitutes a genuine 
hole as well as to the fact that several holes in our catalog were classified as a superposition 
of two (or more) holes from the Puche et al. catalog. As Figure IC4I illustrates, these holes 
dominate the H I distribution of Holmbergll. In addition several supershells were detected, 
the largest one (no 17) being over 2 kpc, one of the largest and oldest (~ 150 Myr) across 
the entire sample of holes. Note that hole no 37 is probably a superposition of two or more 
holes. 



A.5. DD0 53 

The dwarf irregular galaxy DD0 53 lies at a distance of 3.6 Mpc and also belongs to 
the M 81 group. It is the smallest galaxy in our sample with an H I radius of only 2 kpc. It 
is therefore not surprising that we detected only 3 holes in its H I distribution, one of each 
type, with diameters in the range of 180-360 pc. 
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A.6. NGC2841 

NGC 2841 is an early-type Sc spiral and is the most distant galaxy in our sample located 
at 14.1 Mpc. The limited spatial resolution and the high inclination of this galaxy meant 
that we were only able to detect supershells of type 1. We found 15 H I holes and only one 
of these shows signs of expansion (number 10). In addition, holes number 4, 12 and 13 are 
possibly superpositions of holes. Hole no 5 is probably not a genuine hole but the result of 
the warp in the H I disk. 



A. 7. Holmbergl 



HolmbergI is a dwarf irregular galaxy which forms part of the M81 group of galaxies . 
Its H I distribution is dominated by a supergiant shell as was noted by lOtt et al.l (l200l[ ) 
which does not coincide with the ki netic centre of t he galaxy. We detected 6 holes in this 
galaxy including the one detected by lOtt et al.l (120011 ). There is good agreement with respect 
to the position of this hole between both studies. 



A.8. NGC 2976 

The dwarf galaxy NGC 2976 is located at 3.6 Mpc and belongs to the M81 group of 
galaxies. In NGC 2976 we found only 10 holes, which is not surprising given that this is 
one of the smallest galaxies in our sample with an H I disk radius of -Rmax = 2.5 kpc. No 
supershells were detected. 



A.9. NGC 3031 

NGC 3031, also known as M81, is a grand design spiral galaxy located at a distance 
of 3.6 Mpc. The analysis of NGC 3031 revealed 321 H I holes, the largest number of holes 
detected in any of the galaxies in this sample. This is due to various factors such as its 
relatively large size, close proximity and high spatial resolution of the observations. We 
were able to detect holes down to ~ 80 pc which led to the detection of a wealth of small 
holes; almost 90% of the total holes detected have a size less than 200 pc. Only a handful 
of supershells were detected. The mean kinetic age is 7.8 Myr with 80% of the holes being 
younger than 9 Myr. Several features detected (holes no: 34, 72, 88, 93, 94, 97, 99, 102, 106, 
109, 113, 114, 170, 255 and 273) are probably not genuine holes but the result of the warp 



in the H I disk. Due to its large angular size, M81 was divided into 6 areas (Figures IC9I 
- IClSp to be able to show all detected holes. 



A.IO. NGC3184 

NGC3184 is a spiral galaxy located at D = 11.1 Mpc and is viewed almost face-on. Its 
analysis revealed 40 H I holes, the majority of those being supershells (80%). This could 
be attributed to the large distance of this galaxy which only allowed us to detect holes 
with diameters larger than 400 pc. We failed to detect any type 3 holes something which 
is expected since the scale height of the disk was found to be 250 pc, significantly smaller 
than our spatial resolution. Nevertheless, this is the largest number of supershells detected 
in any one galaxy. The mean kinetic age of the holes is also high 64 Myr). Note that 
hole number 13 is a superposition of 2 holes. 



A. 11. IC2574 



Another nearby {D = 4.0 Mpc) dwarf galaxy member of the M81 group, IC2574 
hosts a relatively large number of H I holes (jWalter fc Brinks! 119991 ). One particular hole 
(our hole no 21) has been extensively studied at different wave lengths from radio to X-ray 
(IStewart fc Walterlbood ICannon et al.lboOSl . IWeisz et al.ll2009af ). These studies showed that 
there is a remnant star cluster in the center of this hole and revealed evidence of propagating 
st ar formation along its ri m. Here we report o n 29 H I holes co mpared to 48 holes detected 
bv lWalter fc Brinksl Jl999h and 22 detected bv lRich et all J2008h the largest one being larger 
than 2 kpc in diameter . Almost all of the 29 holes we present here have been detected by 
Walter &: Brinks! (11999! ). The difference in the total number of holes detected is due to the 
strict criteria we used to classify a structure as a genuine hole. Almost half of the holes 
(45%) show signs of expansion. 



A.12. NGC3521 

Another distant galaxy in our sample, NGC3521 is a spiral galaxy with a prominent 
bar located at a distance of 10.7 Mpc and viewed almost edge-on (z = 72.7°). The analysis 
of NGC3521 revealed 13 holes in the H I distribution. The small number of holes detected 
and the lack of type 3 holes can be attributed to the large distance of this galaxy as well as 
its high inclination. All of the holes detected were consequently classified as supershells. 
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A.13. NGC3627 

NGC 3627 is a spiral galaxy at an adopted distance oi D = 9.3 Mpc and is a member of 
the Leo Triplet. Its high inclination [i = 61.8°) meant we were only able to detect 18 holes in 
NGC 3627, two of them being type 3. One holes worth noting is 7 which has unusually high 
expansion velocities of 65 kms^^ respectively, the highest observed in the entire sample. 



A.M. NGC 4214 

NGC 4214 is a nearby {D = 2.9 Mpc) dwarf irregular galaxy classified as a starburst 
galaxy. We found 56 H I holes in NGC 4214 with a wide range of sizes, from 0.11 to 1.2 kpc. 
Given the close proximity of this galaxy and consequently the high spatial resolution it is 
surprising that only about 7% of the holes detected are type 3. One possible explanation is 
that NGC 4214 has a low scale height and therefore holes can break out of the disk faster. 



A.15. NGC 4449 

Another dwarf irregular galaxy, NGC 4449, is located at a distance of D = 4.2 Mpc. 
It has a very extended H I structure reaching out to 6 times the Holmberg radius. The 
-Rmax radius for this galaxy was taken at the edge of the H I disk thus excluding this struc- 
ture. What is also u nusual about NGC 4449 is that it has two counter-rotating gas systems 



(IHunter et al.lll998f ). We detected 20 H I holes in NGC 4449, most of them located within 



i?25 and 6 located in the extended structure outside the -Rmax radius. 



A.16. NGC 4736 



NGC 4736 is a ringed spiral galaxy located at D = 4.7 Mpc in which we encountered 23 
holes in its H I distribution. The range of their diameters is quite small (0.21-0.45 kpc) and 
they are young holes (tkin < 22 Myr). As Figure [C22] illustrates, the majority of the holes 
are located at small galactocentric radii and only type 1 holes lie at larger galactocentric 
radii. Finally note that hole number 11 is probably a superposition of 2 holes. 
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A.17. DD0154 



The 
H I disk. 



gas-rich dwarf galaxy DDO 154 is a nearby galaxy with a very extended and warped 



Hoffman et al. 



(|2001[ ) found 2 holes in the H I distribution which were also detected 
in our analysis. We report here on a total of 9 holes. The scale height of DDO 154 was found 
to be ~ 500 pc which explains why holes can grow to a relatively large diameter before 
breaking out of the disk, as is the case with shell number 6 (~ 400 pc). 



A.18. NGC5194 

NGC5194 is a grand-design spiral galaxy at a distance of D = 8.0 Mpc which is under- 
going interaction with NGC 5195. We report 47 holes in NGC 5194 with only one type 3 hole 
detected. Most of holes are in fact supershells, with one of those (no 5) being superposition 
of two or more holes. 



A.19. NGC 6946 



Located at a distanc e of 5.9 Mp c , NGC 694 6 is a large s piral g alaxy seen almost face-on. 
Previous H I studies by iKamphuisI ( 1l993l ) and iBoomsmal (120071 ) reveale d 19 and 1 21 H I 
holes respectively. We detected 56 holes, a subset of those detected by iBoomsma] (120071 ). 
There is excellent agreement for holes larger than 700 pc between our samples but not for 
smaller ones. This is due to the strict criteria {Q > 5) we applied on holes whose size is 
comparable to the resolution limit. NGC 6946 hosts the largest hole in our sample (no 58) 
with a size of 2.1 kpc and energy requirements in excess of 4 x 10^^ erg, which corresponds 
to ~ 4000 SNe. Most of the holes detected (84%) are type 1, with two holes (no 15 and 16) 
appearing as a superposition of more than one holes. 



A.20. NGC 7793 

A member of the Sculptor group, NGC 7793 is an Sd spiral galaxy at D = 3.9 Mpc. A 
detailed analysis revealed 27 H I holes distributed almost uniformly across the H I disk with 
sizes ranging from 0.19 to 1.05 kpc. 
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Table Bl. NGC 628 hole properties 



No a 5 Vhci Type d Vixp P. A. Axial Ratio R nni <kin log{E-E) log{Mni) 





{h m s) 


(° ' ") 


(km s ^ ) 


(1 - 3) 


(pc) 


(km s ^ ) 


(°) 




(kpc) 


(cm ^) 


(Myr) 


(10^0 gi.g) 


(10* Mo) 


1 


1 36 20.1 


15 43 45.2 


645 


1 


520 


7 


109 


0.7 


13.1 


0.1 


36 


1.2 


1.2 


2 


1 36 20.2 


15 45 07.7 


650 


1 


849 


7 





1.0 


11.8 


0.1 


59 


2.0 


1.9 


3 


1 36 23.4 


15 43 43.6 


639 


1 


575 


7 


149 


0.5 


11.7 


0.1 


40 


1.6 


1.6 


4 


1 36 24.0 


15 44 30.1 


639 


2 


546 


10 


126 


0.8 


10.5 


0.2 


27 


1.9 


1.6 


5 


1 36 24.1 


15 50 55.6 


665 


2 


459 


7 





0.9 


12.4 


0.2 


32 


1.4 


1.3 


6 


1 36 24.3 


15 44 13.6 


639 


2 


520 


7 


114 


0.7 


10.7 


0.2 


36 


1.7 


1.6 


7 


1 36 24.6 


15 47 15.1 


650 


1 


720 


7 


13 


0.8 


8.9 


0.4 


50 


2.4 


2.5 


8 


1 36 24.8 


15 44 51.1 


632 


1 


582 


7 


81 


0.8 


9.9 


0.2 


41 


1.9 


2.3 


9 


1 36 26.2 


15 45 25.5 


639 


1 


513 


7 


87 


0.9 


8.7 


0.4 


36 


1.9 


2.2 


10 


1 36 26.3 


15 49 12.0 


650 


3 


475 


7 


148 


0.8 


9.3 


0.6 


33 


2.0 


1.9 


11 


1 36 27.0 


15 45 28.5 


639 


1 


411 


7 





0.6 


8.2 


0.4 


29 


1.7 


1.5 


12 


1 36 27.1 


15 48 48.0 


655 


1 


442 


7 


31 


0.9 


8.5 


0.5 


31 


1.9 


2.2 


13 


1 36 27.6 


15 51 10.5 


670 


1 


613 


7 


9 


0.8 


11.5 


0.2 


43 


1.8 


1.7 


14 


1 36 28.1 


15 48 34.5 


655 


1 


336 


7 


128 


0.9 


7.9 


0.6 


23 


1.6 


1.5 


15 


1 36 28.3 


15 49 06.0 


657 


1 


936 


7 





0.6 


8.3 


0.5 


65 


2.9 


2.9 


16 


1 36 28.3 


15 52 31.5 


676 


1 


548 


7 


82 


0.6 


13.7 


0.1 


38 


1.4 


1.3 


17 


1 36 28.5 


15 51 25.5 


673 


1 


700 


7 


161 


0.7 


11.7 


0.2 


49 


2.0 


1.9 


18 


1 36 28.7 


15 46 42.0 


642 


1 


878 


7 


65 


0.8 


6.7 


0.7 


61 


3.0 


2.8 


19 


1 36 29.3 


15 44 37.4 


639 


2 


838 


10 


78 


0.5 


8.1 


0.4 


41 


2.9 


2.7 


20 


1 36 29.3 


15 50 35.9 


663 


1 


685 


7 


11 


0.6 


10.0 


0.3 


48 


2.1 


2.4 


21 


1 36 29.9 


15 44 40.4 


642 


1 


548 


7 


54 


0.9 


7.8 


0.5 


38 


2.1 


2.3 


22 


1 36 30.3 


15 45 17.9 


634 


1 


657 


7 


124 


0.7 


6.9 


0.6 


46 


2.5 


2.5 


23 


1 36 30.3 


15 49 05.9 


657 


1 


407 


7 


112 


0.9 


7.4 


0.8 


28 


2.0 


2.3 


24 


1 36 30.4 


15 46 14.9 


637 


1 


1777 


7 


145 


0.4 


6.1 


0.3 


124 


3.6 


3.4 


25 


1 36 30.5 


15 51 02.9 


663 


2 


664 


10 


172 


0.7 


10.4 


0.2 


32 


2.3 


2.4 


26 


1 36 31.1 


15 48 26.9 


652 


1 


814 


7 





1.0 


6.3 


0.7 


57 


2.9 


2.7 


27 


1 36 31.4 


15 47 20.9 


652 


1 


585 


7 


111 


0.6 


5.4 


0.6 


41 


2.4 


2.3 


28 


1 36 31.6 


15 42 44.9 


634 


1 


455 


7 


105 


0.7 


10.4 


0.2 


32 


1.4 


1.3 


29 


1 36 32.1 


15 50 46.4 


670 


2 


439 


7 


164 


0.8 


9.5 


0.3 


31 


1.6 


1.5 


30 


1 36 32.3 


15 43 38.9 


637 


2 


617 


13 


118 


0.8 


8.6 


0.5 


23 


2.7 


2.5 


31 


1 36 32.8 


15 47 46.4 


655 


1 


901 


7 


49 


0.9 


4.9 


0.7 


63 


3.0 


2.6 


32 


1 36 32.8 


15 50 05.9 


668 


1 


1938 


7 





0.8 


8.1 


0.4 


135 


3.8 


3.4 


33 


1 36 33.2 


15 46 56.8 


650 


1 


743 


7 





1.0 


4.5 


0.8 


52 


2.8 


2.5 


34 


1 36 33.2 


15 51 50.8 


670 


2 


368 


8 


104 


0.8 


11.2 


0.2 


22 


1.3 


1.2 
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No 


a 

{h m s) 


5 

(° ' ") 


(kms~^) 


Type 
(1-3) 


d 
(pc) 


Vexp 

(kms-l) 


P. A. 

n 


Axial Ratio 


R 
(kpc) 


"HI 
(cm-3) 


tkin 

(Myr) 


logiEE) 
(10^0 erg) 


log{MHi) 
(10-* Mo) 


35 


1 36 33.2 


15 51 07.3 


670 


1 


490 


7 


137 


0.8 


9.8 


0.3 


34 


1.7 


1.6 


36 


1 36 33.1 


15 46 14.8 


642 


1 


822 


7 


126 


0.6 


4.6 


0.8 


57 


3.0 


2.6 


37 


1 36 34.3 


15 45 43.3 


629 


1 


484 


7 


89 


0.6 


4.7 


0.8 


34 


2.2 


2.2 


38 


1 36 34.7 


15 45 11.8 


634 


1 


649 


7 


102 


0.4 


5.3 


0.8 


45 


2.6 


2.5 


39 


1 36 35.0 


15 47 20.8 


655 


1 


888 


7 





0.7 


3.6 


0.9 


62 


3.1 


2.6 


40 


1 36 35.4 


15 45 49.3 


629 


1 


475 


7 


83 


0.6 


4.1 


0.7 


33 


2.2 


2.1 


41 


1 36 35.4 


15 49 25.3 


668 


1 


758 


7 


71 


0.6 


6.1 


0.6 


53 


2.7 


2.6 


42 


1 36 35.5 


15 50 31.3 


676 


1 


633 


7 


41 


0.8 


8.2 


0.5 


44 


2.4 


2.5 


43 


1 36 36.2 


15 44 04.3 


637 


3 


319 


8 





1.0 


6.8 


0.8 


19 


1.7 


2.0 


44 


1 36 36.5 


15 51 04.3 


673 


1 


575 


7 


100 


0.5 


9.1 


0.3 


40 


2.1 


2.3 


45 


1 36 37.1 


15 49 05.7 


670 


1 


2123 


7 


49 


0.4 


5.1 


0.3 


148 


3.8 


3.6 


46 


1 36 38.1 


15 52 22.2 


678 


2 


619 


8 


61 


0.9 


11.6 


0.2 


38 


2.0 


1.8 


47 


1 36 39.1 


15 44 05.7 


629 


1 


1226 


7 


98 


0.5 


6.3 


0.5 


86 


3.2 


3.2 


48 


1 36 39.2 


15 48 14.7 


670 


1 


704 


7 


169 


0.8 


3.0 


1.3 


49 


3.0 


2.6 


49 


1 36 39.8 


15 45 52.2 


626 


1 


621 


7 





0.6 


2.6 


1.2 


43 


2.8 


2.4 


50 


1 36 40.2 


15 45 19.1 


634 


1 


582 


7 


101 


0.8 


3.7 


0.8 


41 


2.5 


2.3 


51 


1 36 40.2 


15 50 16.2 


678 


1 


562 


7 





0.8 


7.0 


0.6 


39 


2.3 


2.4 


52 


1 36 40.3 


15 48 35.6 


676 


1 


613 


7 


114 


0.8 


3.5 


1.5 


43 


2.9 


2.5 


53 


1 36 40.4 


15 43 37.1 


639 


2 


505 


13 


104 


0.7 


7.2 


0.6 


19 


2.5 


2.3 


54 


1 36 41.0 


15 53 04.1 


678 


1 


649 


7 


69 


0.6 


12.9 


0.1 


45 


1.7 


1.7 


55 


1 36 41.6 


15 44 16.1 


639 


3 


336 


7 


97 


0.9 


5.9 


1.0 


23 


1.9 


2.1 


56 


1 36 41.6 


15 45 26.6 


634 


1 


565 


7 


99 


0.9 


3.3 


0.9 


39 


2.5 


2.2 


57 


1 36 41.6 


15 48 13.1 


678 


2 


613 


5 


94 


0.8 


2.6 


1.3 


60 


2.6 


2.4 


58 


1 36 42.7 


15 50 56.6 


683 


1 


882 


7 


21 


0.9 


8.4 


0.3 


62 


2.6 


2.6 


59 


1 36 42.8 


15 42 22.1 


629 


1 


490 


7 





0.8 


9.9 


0.1 


34 


1.4 


1.4 


60 


1 36 43.0 


15 40 56.6 


645 


1 


530 


7 





0.9 


12.9 


0.1 


37 


1.1 


1.1 


61 


1 36 44.1 


15 45 49.0 


645 


1 


759 


7 


55 


0.9 


2.8 


1.1 


53 


3.0 


2.5 


62 


1 36 44.4 


15 45 20.5 


637 


1 


510 


7 


119 


0.8 


3.8 


1.1 


36 


2.5 


2.3 


63 


1 36 44.9 


15 44 29.5 


637 


1 


653 


7 


38 


0.9 


5.6 


1.2 


46 


2.8 


2.7 


64 


1 36 45.2 


15 49 05.5 


678 


3 


423 


13 


69 


0.8 


4.8 


1.3 


16 


2.7 


2.3 


65 


1 36 45.4 


15 49 46.0 


676 


2 


534 


10 


119 


0.6 


6.2 


0.7 


26 


2.5 


2.3 


66 


1 36 45.6 


15 50 40.0 


678 


1 


613 


7 


121 


0.8 


8.0 


0.3 


43 


2.1 


2.3 


67 


1 36 46.3 


15 43 26.5 


632 


2 


657 


12 


112 


0.7 


8.1 


0.5 


27 


2.7 


2.5 


68 


1 36 47.4 


15 43 44.4 


642 


1 


751 


7 


101 


0.5 


7.5 


0.6 


52 


2.7 


2.7 
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No 


a 

{h m s) 


5 
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(1-3) 


d 
(pc) 


Vexp 

(kms-l) 


P. A. 

n 
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R 
(kpc) 


"HI 
(cm-3) 


tkin 

(Myr) 


logiEE) 
(10^0 erg) 


log{MHi) 
(10-* Mo) 


69 


1 36 47.8 


15 45 11.4 


645 


1 


1782 


7 


49 


0.6 


4.9 


0.9 


125 


4.1 


3.4 


70 


1 36 48.0 


15 46 27.9 


645 


2 


338 


12 


106 


0.5 


3.4 


1.4 


14 


2.3 


2.0 


71 


1 36 48.0 


15 49 15.9 


681 


1 


700 


7 


96 


0.7 


5.8 


1.0 


49 


2.9 


2.7 


72 


1 36 48.1 


15 48 06.9 


673 


1 


720 


7 


106 


0.8 


4.0 


1.2 


50 


3.0 


2.6 


73 


1 36 48.6 


15 47 17.4 


670 


1 


1413 


7 


130 


0.5 


3.5 


1.1 


99 


3.8 


3.1 


74 


1 36 49.2 


15 44 35.4 


639 


1 


490 


7 


67 


0.8 


6.4 


0.5 


34 


2.1 


2.2 


75 


1 36 49.2 


15 48 51.9 


689 


2 


884 


13 


105 


0.4 


5.4 


1.1 


33 


3.6 


2.9 


76 


1 36 50.4 


15 43 27.8 


645 


2 


501 


7 


91 


0.5 


8.8 


0.4 


35 


1.9 


2.2 


77 


1 36 50.5 


15 46 30.8 


660 


1 


1573 


7 


164 


0.7 


4.6 


1.0 


110 


4.0 


3.3 


78 


1 36 50.5 


15 50 03.8 


681 


1 


562 


7 


104 


0.8 


7.9 


0.6 


39 


2.3 


2.4 


79 


1 36 50.6 


15 52 26.3 


681 


1 


530 


7 


108 


0.9 


12.4 


0.1 


37 


1.4 


1.4 


80 


1 36 51.1 


15 45 33.8 


647 


2 


490 


9 


149 


0.8 


5.7 


0.9 


27 


2.5 


2.3 


81 


1 36 52.4 


15 46 57.8 


668 


3 


577 


5 


152 


0.7 


5.4 


1.0 


56 


2.4 


2.5 


82 


1 36 52.8 


15 46 02.3 


660 


1 


548 


7 


151 


0.6 


6.1 


0.9 


38 


2.4 


2.4 


83 


1 36 53.0 


15 47 42.8 


673 


2 


425 


13 





1.0 


6.0 


0.8 


16 


2.4 


2.2 


84 


1 36 53.6 


15 44 15.7 


647 


1 


425 


7 





1.0 


8.4 


0.4 


30 


1.7 


1.6 


85 


1 36 54.2 


15 48 32.2 


670 


2 


490 


13 


133 


0.8 


7.2 


0.8 


18 


2.6 


2.4 


86 


1 36 54.6 


15 47 20.2 


665 


1 


822 


7 


113 


0.4 


6.6 


0.7 


57 


2.9 


2.8 


87 


1 36 54.8 


15 47 02.2 


676 


2 


960 


21 


168 


0.7 


7.0 


0.7 


22 


3.7 


2.9 


88 


1 36 55.5 


15 47 50.2 


665 


2 


725 


8 


124 


0.5 


7.3 


0.6 


44 


2.7 


2.6 


89 


1 36 55.8 


15 43 14.2 


637 


1 


475 


7 


71 


0.5 


10.8 


0.2 


33 


1.5 


1.4 


90 


1 36 56.4 


15 48 20.1 


678 


1 


751 


7 


82 


0.5 


8.1 


0.5 


52 


2.6 


2.6 


91 


1 36 56.8 


15 46 32.1 


668 


2 


637 


14 





1.0 


7.8 


0.7 


22 


2.9 


2.6 


92 


1 36 57.3 


15 45 54.6 


655 


1 


795 


7 


146 


0.6 


8.3 


0.5 


56 


2.7 


2.7 


93 


1 36 57.5 


15 44 44.1 


645 


2 


442 


10 


123 


0.9 


9.4 


0.4 


22 


2.0 


1.6 


94 


1 36 58.2 


15 43 00.6 


639 


2 


625 
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Table B3. NGC 2403 hole properties 
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Table B3 — Continued 
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65 


35 


33.6 


108 


2 


277 


11 


38 


0.7 


2.6 


0.6 


12 


1.6 


1.5 


73 


7 


36 


38.5 


65 


38 


27.5 


66 


1 


221 


8 


104 


0.5 


3.5 


0.5 


14 


1.0 


0.9 


74 


7 


36 


39.7 


65 


36 


10.4 


92 


2 


279 


15 


169 


0.8 


1.5 


0.8 


9 


2.0 


1.6 


75 


7 


36 


40.5 


65 


32 


14.4 


159 


1 


218 


8 


70 


0.9 


7.8 


0.1 


13 


0.1 


0.1 


76 


7 


36 


41.0 


65 


37 


34.4 


77 


1 


761 


8 


60 


0.7 


2.1 


0.6 


47 


2.8 


2.4 


77 


7 


36 


41.8 


65 


32 


39.3 


154 


1 


1160 


8 


22 


0.9 


7.0 


0.2 


71 


2.8 


2.8 


78 


7 


36 


42.2 


65 


39 


50.3 


71 


2 


187 


16 


19 


0.4 


6.1 


0.3 


6 


0.9 


0.4 


79 


7 


36 


43.7 


65 


41 


27.2 


82 


1 


678 


8 


146 


0.7 


9.0 


0.1 


41 


1.7 


1.5 


80 


7 


36 


43.9 


65 


37 


12.2 


77 


3 


172 


13 





1.0 


1.6 


0.7 


6 


1.2 


1.1 


81 


7 


36 


44.3 


65 


36 


50.1 


71 


1 


229 


8 


44 


0.7 


1.1 


1.0 


14 


1.4 


1.4 


82 


7 


36 


46.1 


65 


38 


04.0 


82 


1 


218 


8 


26 


0.9 


3.2 


0.4 


13 


0.9 


0.8 


83 


7 


36 


47.2 


65 


36 


31.0 


97 


2 


199 


20 


22 


0.5 


0.7 


1.0 


5 


1.8 


1.2 


84 


7 


36 


48.2 


65 


32 


18.9 


169 


1 


209 


8 


13 


0.6 


6.9 


0.1 


13 


0.3 


0.2 


85 


7 


36 


48.3 


65 


34 


51.9 


144 


3 


288 


13 


65 


0.9 


2.4 


0.7 


11 


1.9 


1.6 


86 


7 


36 


48.3 


65 


34 


27.9 


149 


1 


194 


8 


66 


0.8 


3.1 


0.7 


12 


1.0 


0.8 


87 


7 


36 


49.3 


65 


40 


51.8 


82 


2 


288 


24 


68 


0.9 


8.4 


0.1 


6 


1.3 


0.5 


88 


7 


36 


49.5 


65 


38 


28.8 


113 


1 


331 


8 


86 


0.7 


4.2 


0.3 


20 


1.4 


1.7 


89 


7 


36 


50.0 


65 


35 


21.8 


169 


2 


194 


20 


9 


0.8 


1.3 


1.0 


5 


1.7 


1.3 


90 


7 


36 


50.6 


65 


34 


57.7 


159 


3 


218 


26 


25 


0.9 


2.0 


0.6 


4 


1.8 


1.3 


91 


7 


36 


51.3 


65 


27 


24.7 


175 


1 


218 


8 


39 


0.9 


15.4 


0.1 


13 


0.1 


0.0 


92 


7 


36 


51.4 


65 


30 


24.7 


180 


2 


146 


11 


31 


0.7 


10.1 


0.1 


7 


-0.2 


-0.5 


93 


7 


36 


51.5 


65 


40 


42.7 


97 


3 


187 


20 





1.0 


8.4 


0.1 


5 


0.6 


-0.1 


94 


7 


36 


51.8 


65 


37 


25.7 


102 


1 


854 


8 


171 


0.6 


2.5 


0.6 


52 


2.9 


2.5 


95 


7 


36 


52.4 


65 


29 


34.6 


169 


1 


191 


8 


32 


0.7 


11.5 


0.1 


12 


-0.2 


-0.2 


96 


7 


36 


53.8 


65 


32 


08.5 


180 


2 


309 


11 


151 


0.7 


6.7 


0.2 


14 


1.1 


0.8 


97 


7 


36 


53.9 


65 


34 


07.5 


190 


2 


207 


11 


52 


0.7 


3.2 


0.4 


9 


1.0 


0.7 


98 


7 


36 


55.1 


65 


34 


38.4 


175 


1 


618 


8 


56 


0.5 


2.2 


0.7 


38 


2.6 


2.2 


99 


7 


36 


55.2 


65 


29 


53.4 


175 


1 


172 


8 





1.0 


10.7 


0.1 


11 


-0.2 


-0.3 


100 


7 


36 


55.3 


65 


35 


20.4 


185 


1 


284 


8 


62 


0.7 


1.0 


1.0 


17 


1.7 


1.6 


101 


7 


36 


58.0 


65 


36 


04.2 


154 


2 


172 


15 





1.0 


1.0 


1.1 


6 


1.4 


1.2 


102 


7 


36 


58.5 


65 


39 


43.2 


113 


1 


675 


8 


8 


0.8 


7.3 


0.2 


41 


2.1 


2.4 



Table B3 — Continued 



No a 5 Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 


(h m s) (° ' ") (kms-i) (1-3) 


(pc) 


(kms-l) (°) 


(kpc) 


(cm-3) (Myr) 


(10^0 erg) 


(lO-^Mo) 



103 


7 36 58.6 


65 39 53.2 


113 


1 


223 


21 


73 


0.7 


7.6 


0.1 


5 


0.8 


0.2 


104 


7 36 59.0 


65 37 01.1 


133 


1 


265 


8 


59 


0.9 


2.6 


0.7 


16 


1.5 


1.6 


105 


7 36 59.8 


65 28 05.1 


180 


1 


216 


8 


88 


0.8 


13.5 


0.0 


13 


-0.3 


-0.3 


106 


7 37 00.5 


65 35 39.0 


195 


1 


234 


8 


152 


0.9 


1.1 


1.0 


14 


1.5 


1.4 


107 


7 37 00.8 


65 39 37.0 


118 


1 


327 


8 


113 


0.9 


7.3 


0.2 


20 


1.0 


0.8 


108 


7 37 01.2 


65 34 39.0 


190 


1 


232 


32 


38 


0.6 


2.0 


0.6 


4 


2.0 


1.3 


109 


7 37 01.6 


65 29 32.9 


180 


1 


213 


8 


174 


0.6 


10.7 


0.1 


13 


-0.1 


-0.1 


110 


7 37 01.7 


65 28 49.9 


185 


1 


202 


8 


45 


0.9 


12.0 


0.1 


12 


-0.2 


-0.3 


111 


7 37 02.4 


65 35 22.9 


195 


1 


274 


15 


130 


0.6 


1.3 


1.0 


9 


2.0 


1.6 


112 


7 37 03.5 


65 34 54.8 


206 


3 


203 


16 





1.0 


1.7 


0.8 


6 


1.5 


1.3 


113 


7 37 04.5 


65 39 50.8 


128 


2 


153 


20 


34 


0.7 


8.1 


0.2 


4 


0.5 


-0.2 


114 


7 37 05.3 


65 36 59.6 


154 


3 


187 


10 


110 


0.8 


3.4 


0.7 


9 


1.1 


0.8 


115 


7 37 05.4 


65 37 23.7 


149 


1 


304 


8 


86 


0.9 


4.0 


0.5 


19 


1.4 


1.7 


116 


7 37 05.5 


65 29 59.7 


190 


1 


178 


15 


48 


0.8 


9.7 


0.1 


6 


0.2 


-0.3 


117 


7 37 06.8 


65 31 41.6 


211 


2 


279 


16 


2 


0.8 


6.6 


0.2 


9 


1.3 


0.8 


118 


7 37 08.3 


65 37 29.5 


144 


1 


363 


8 


31 


0.7 


4.5 


0.4 


22 


1.6 


1.9 


119 


7 37 08.5 


65 40 12.5 


123 


1 


216 


8 


31 


0.8 


9.2 


0.1 


13 


0.2 


0.1 


120 


7 37 09.1 


65 32 07.4 


206 


2 


324 


25 


150 


0.6 


5.8 


0.2 


6 


1.8 


1.0 


121 


7 37 10.6 


65 35 20.3 


200 


2 


241 


21 


134 


0.8 


2.2 


0.9 


6 


2.0 


1.6 


122 


7 37 13.0 


65 34 35.1 


211 


3 


162 


16 


163 


0.8 


2.5 


0.6 


5 


1.1 


0.5 


123 


7 37 13.4 


65 30 31.1 


206 


1 


181 


8 


24 


0.6 


8.3 


0.1 


11 


0.0 


-0.1 


124 


7 37 13.5 


65 33 25.1 


226 


1 


353 


8 


42 


0.4 


3.7 


0.6 


22 


1.8 


1.9 


125 


7 37 13.5 


65 40 00.1 


133 


1 


701 


8 


156 


0.6 


9.4 


0.1 


43 


1.8 


1.6 


126 


7 37 14.0 


65 33 26.0 


226 


1 


478 


8 


13 


0.7 


3.7 


0.8 


29 


2.3 


2.3 


127 


7 37 15.2 


65 27 39.9 


190 


1 


1777 


8 


142 


0.9 


13.1 


0.0 


109 


2.6 


2.7 


128 


7 37 15.4 


65 32 20.9 


226 


1 


749 


8 


20 


0.6 


5.2 


0.3 


46 


2.5 


2.5 


129 


7 37 16.5 


65 36 01.8 


180 


2 


143 


20 


159 


0.6 


3.6 


0.5 


3 


1.0 


0.3 


130 


7 37 17.3 


65 34 48.8 


216 


1 


276 


8 


70 


0.5 


2.9 


0.4 


17 


1.3 


1.5 


131 


7 37 17.3 


65 34 32.8 


216 


1 


784 


8 


3 


0.5 


2.9 


0.7 


48 


2.9 


2.6 


132 


7 37 18.1 


65 34 31.7 


221 


1 


209 


8 


172 


0.8 


3.0 


0.4 


13 


0.9 


0.7 


133 


7 37 19.1 


65 37 26.7 


139 


2 


223 


20 


53 


0.7 


5.9 


0.2 


5 


1.2 


0.5 


134 


7 37 19.1 


65 37 14.7 


144 


3 


108 


23 


154 


0.8 


5.6 


0.3 


2 


0.4 


-0.4 


135 


7 37 19.5 


65 36 21.6 


164 


3 


239 


21 


124 


0.7 


4.4 


0.3 


6 


1.5 


0.8 


136 


7 37 19.6 


65 30 37.6 


216 


3 


146 


10 


165 


0.7 


7.8 


0.2 


7 


0.1 


-0.1 



Table B3 — Continued 



No a S Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 


(h m s) (° ' ") (kms-i) (1-3) 


(pc) 


(kms-l) (°) 


(kpc) 


(cm-3) (Myr) 


(10^0 erg) 


(lO-^Mo) 



137 


7 


37 


20.4 


65 


36 


50.2 


175 


1 


358 


8 


119 


0.8 


5.2 


0.3 


22 


1.3 


1.2 


138 


7 


37 


22.1 


65 


35 


32.4 


221 


2 


248 


10 


72 


0.6 


3.9 


0.7 


12 


1.5 


1.1 


139 


7 


37 


22.3 


65 


29 


08.4 


206 


1 


187 


8 





1.0 


10.2 


0.1 


11 


-0.1 


-0.2 


140 


7 


37 


22.4 


65 


39 


27.4 


139 


1 


363 


8 


5 


0.6 


9.6 


0.1 


22 


0.8 


0.7 


141 


7 


37 


22.8 


65 


36 


12.4 


190 


3 


207 


26 


60 


0.7 


4.7 


0.3 


4 


1.4 


0.5 


142 


7 


37 


23.1 


65 


35 


59.3 


180 


2 


187 


26 





1.0 


4.5 


0.4 


4 


1.4 


0.5 


143 


7 


37 


24.2 


65 


31 


43.2 


231 


1 


132 


8 


4 


0.9 


6.0 


0.1 


8 


-0.3 


-0.4 


144 


7 


37 


25.7 


65 


34 


52.1 


216 


2 


242 


15 


65 


0.9 


4.0 


0.5 


8 


1.5 


0.9 


145 


7 


37 


26.4 


65 


38 


55.1 


139 


1 


204 


16 


18 


0.5 


9.2 


0.1 


6 


0.4 


-0.1 


146 


7 


37 


28.0 


65 


32 


27.9 


237 


1 


437 


8 


9 


0.7 


5.2 


0.2 


27 


1.6 


1.8 


147 


7 


37 


28.3 


65 


38 


46.9 


144 


1 


187 


18 


13 


0.6 


9.2 


0.1 


5 


0.5 


-0.1 


148 


7 


37 


28.9 


65 


39 


20.9 


133 


1 


209 


8 


124 


0.6 


10.2 


0.1 


13 


0.0 


-0.1 


149 


7 


37 


29.0 


65 


37 


37.9 


175 


2 


204 


26 


174 


0.5 


7.5 


0.2 


4 


1.1 


0.3 


150 


7 


37 


31.9 


65 


34 


54.6 


221 


1 


226 


8 


22 


0.6 


4.8 


0.3 


14 


0.8 


0.6 


151 


7 


37 


32.8 


65 


28 


42.5 


216 


1 


1108 


8 





1.0 


10.5 


0.1 


68 


2.1 


2.4 


152 


7 


37 


34.2 


65 


36 


24.4 


180 


1 


169 


20 


140 


0.7 


6.6 


0.2 


4 


0.6 


0.0 


153 


7 


37 


34.4 


65 


34 


09.4 


237 


1 


191 


8 


3 


0.7 


4.8 


0.2 


12 


0.3 


0.2 


154 


7 


37 


34.6 


65 


32 


06.4 


237 


1 


249 


8 


68 


0.9 


5.8 


0.1 


15 


0.3 


0.2 


155 


7 


37 


35.6 


65 


32 


45.3 


247 


1 


261 


8 


171 


0.7 


5.3 


0.1 


16 


0.6 


0.5 


156 


7 


37 


37.4 


65 


31 


56.1 


237 


1 


254 


8 


5 


0.5 


6.1 


0.1 


16 


0.4 


0.3 


157 


7 


37 


38.6 


65 


35 


23.0 


206 


1 


711 


8 


120 


0.7 


6.1 


0.2 


43 


2.0 


2.2 


158 


7 


37 


38.8 


65 


31 


28.0 


237 


1 


181 


8 


59 


0.6 


6.6 


0.1 


11 


-0.1 


-0.2 


159 


7 


37 


39.4 


65 


37 


02.0 


180 


2 


179 


11 


61 


0.9 


8.1 


0.2 


8 


0.4 


0.1 


160 


7 


37 


40.7 


65 


33 


41.8 


237 


1 


1048 


8 


145 


0.7 


5.5 


0.2 


64 


2.7 


2.6 


161 


7 


37 


42.9 


65 


36 


36.7 


190 


2 


169 


25 


39 


0.7 


8.1 


0.2 


3 


0.8 


0.0 


162 


7 


37 


43.6 


65 


34 


26.6 


226 


1 


199 


8 


66 


0.5 


6.1 


0.1 


12 


0.2 


0.1 


163 


7 


37 


47.8 


65 


32 


30.2 


242 


1 


241 


8 


89 


0.8 


6.4 


0.1 


15 


0.5 


0.4 


164 


7 


37 


49.6 


65 


32 


24.0 


242 


1 


665 


8 


81 


0.8 


6.6 


0.2 


41 


1.9 


2.2 


165 


7 


37 


52.8 


65 


34 


43.8 


221 


3 


159 


10 


105 


0.6 


7.6 


0.1 


8 


0.1 


-0.2 


166 


7 


38 


00.0 


65 


29 


55.0 


242 


1 


201 


8 


33 


0.7 


9.0 


0.0 


12 


-0.3 


-0.4 


167 


7 


38 


02.2 


65 


31 


26.8 


247 


1 


319 


8 


153 


0.9 


8.1 


0.1 


20 


0.8 


0.7 


168 


7 


38 


04.0 


65 


27 


27.6 


237 


3 


187 


11 





1.0 


12.0 


0.1 


8 


-0.2 


-0.4 


169 


7 


38 


06.4 


65 


32 


48.4 


247 


2 


197 


20 


96 


0.6 


8.4 


0.1 


5 


0.6 


-0.1 


170 


7 


38 


07.8 


65 


31 


42.3 


247 


1 


159 


8 


4 


0.6 


8.6 


0.1 


10 


-0.4 


-0.4 



Table B3 — Continued 



No 


a 


5 




Type 


d Vixp 


P. A. 


Axial Ratio 


R 


"HI 


^kin 


log{EE) 


log(Miii) 




{h m s) 




(kms^^) 


(1-3) 


(pc) (kms~^) 


n 




(kpc) 


(cm^'^) 


(Myr) 


(lO'^o erg) 


(10* Mo) 


171 


7 38 10.3 


65 29 04.0 


247 


1 


403 8 


133 


0.8 


10.3 


0.1 


25 


0.9 


0.8 


172 


7 38 10.4 


65 33 58.0 


221 


1 


599 8 


145 


0.7 


9.4 


0.2 


37 


1.9 


1.7 


173 


7 38 15.2 


65 30 31.5 


247 


1 


1501 8 


15 


0.7 


9.7 


0.1 


92 


2.6 


2.7 


174 


7 38 17.2 


65 28 53.3 


252 


1 


155 8 


6 


0.8 


10.9 


0.0 


9 


-0.7 


-0.7 


175 


7 38 28.2 


65 30 34.2 


247 


1 


245 8 


87 


0.7 


10.9 


0.1 


15 


0.1 


0.1 



Table B4. Holmbergll hole properties 



No a S Vhoi Type d Vixp P. A. Axial Ratio R nni <kin log{E-E) log(Miii) 





(h m s) 


(° ' ") 


{km s ) 


(1 - 3) 


(pc) 


{km s ^ ) 


(°) 




(kpc) 


{cm 


{Mvr) 


{10^'' erg) 


{10* Mo) 


1 


8 18 22.2 


70 44 13.1 


148 


1 


1260 


7 


162 


0.5 


4.7 


0.1 


88 


2.8 


1.1 


2 


8 18 28.9 


70 42 20.3 


161 


1 


1400 


7 


89 


0.8 


4.0 


0.2 


98 


3.0 


3.0 


3 


8 18 34.5 


70 40 32.0 


166 


1 


287 


7 


168 


0.8 


4.3 


0.2 


20 


0.9 


1.0 


4 


8 18 40.1 


70 41 36.3 


164 


1 


731 


7 


112 


0.7 


3.2 


0.3 


51 


2.4 


2.6 


5 


8 18 42.4 


70 40 58.6 


166 


1 


412 


7 


89 


0.6 


3.3 


0.3 


29 


1.6 


1.5 


6 


8 18 48.8 


70 43 40.3 


156 


1 


486 


7 


84 


0.7 


1.8 


0.7 


34 


2.4 


2.2 


7 


8 18 50.3 


70 45 59.8 


143 


2 


279 


10 





1.0 


3.1 


0.4 


14 


1.0 


1.3 


8 


8 18 52.0 


70 42 46.2 


156 


3 


345 


10 





1.0 


1.5 


0.9 


17 


2.2 


2.0 


9 


8 18 52.8 


70 44 26.6 


143 


3 


279 


10 





1.0 


1.8 


0.7 


14 


1.6 


1.3 


10 


8 18 55.4 


70 38 50.5 


179 


1 


1187 


7 


54 


0.7 


4.5 


0.2 


83 


2.8 


2.9 


11 


8 18 58.1 


70 45 38.4 


133 


1 


556 


7 


93 


0.6 


2.5 


0.5 


39 


2.4 


2.2 


12 


8 18 58.4 


70 42 56.3 


159 


3 


403 


11 


130 


0.7 


0.8 


1.0 


18 


2.3 


2.4 


13 


8 18 59.0 


70 44 57.8 


135 


1 


838 


7 





1.0 


1.8 


0.6 


59 


2.9 


2.8 


14 


8 19 00.1 


70 42 26.2 


164 


2 


318 


15 


19 


0.8 


0.9 


0.8 


10 


2.0 


2.2 


15 


8 19 01.0 


70 46 35.2 


128 


3 


362 


8 





1.0 


3.4 


0.4 


22 


1.4 


1.5 


16 


8 19 03.6 


70 43 27.5 


151 


1 


761 


7 


154 


0.7 


0.3 


1.1 


53 


2.8 


3.0 


17 


8 19 05.4 


70 41 24.4 


171 


1 


2110 


7 


47 


0.7 


1.8 


0.5 


147 


4.0 


3.5 


18 


8 19 07.9 


70 46 00.3 


135 


1 


737 


7 


24 


0.5 


2.8 


0.4 


52 


2.6 


2.5 


19 


8 19 13.1 


70 44 24.0 


140 


1 


1107 


7 


95 


0.6 


1.5 


0.6 


77 


3.0 


3.2 


20 


8 19 14.8 


70 45 25.4 


148 


3 


329 


12 





1.0 


2.5 


0.5 


13 


1.8 


1.4 


21 


8 19 15.3 


70 45 01.4 


138 


3 


378 


9 





1.0 


2.1 


0.5 


21 


1.8 


1.5 


22 


8 19 16.5 


70 46 50.8 


138 


1 


403 


7 


115 


0.7 


3.8 


0.3 


28 


1.4 


1.5 


23 


8 19 18.4 


70 43 20.7 


153 


2 


738 


16 


110 


0.9 


1.5 


0.8 


23 


3.3 


2.8 


24 


8 19 21.9 


70 48 14.5 


133 


1 


640 


7 





0.7 


5.4 


0.1 


45 


1.7 


1.6 


25 


8 19 22.7 


70 47 18.9 


133 


1 


325 


7 


131 


0.4 


4.5 


0.2 


23 


1.0 


1.0 


26 


8 19 23.9 


70 43 29.3 


143 


1 


483 


7 


26 


0.7 


2.1 


0.7 


34 


2.4 


2.2 


27 


8 19 25.5 


70 42 14.2 


166 


1 


312 


7 





1.0 


2.4 


1.0 


22 


1.6 


1.7 


28 


8 19 26.3 


70 41 05.2 


177 


3 


263 


11 





1.0 


3.1 


0.5 


12 


1.5 


1.1 


29 


8 19 26.6 


70 45 29.2 


143 


1 


479 


7 


117 


0.7 


3.3 


0.3 


33 


1.7 


1.8 


30 


8 19 28.3 


70 44 38.1 


151 


2 


318 


13 


68 


0.8 


2.9 


0.5 


12 


1.3 


1.8 


31 


8 19 28.8 


70 43 38.0 


148 


1 


491 


7 


113 


0.8 


2.6 


0.6 


34 


2.4 


2.1 


32 


8 19 30.3 


70 39 52.9 


174 


1 


1282 


7 





1.0 


4.2 


0.2 


90 


3.0 


3.0 


33 


8 19 34.8 


70 41 21.1 


171 


3 


531 


20 


19 


0.8 


3.6 


0.4 


13 


1.9 


2.7 


34 


8 19 35.1 


70 45 04.6 


153 


1 


657 


7 


126 


0.7 


3.8 


0.3 


46 


2.5 


2.2 



Table B4— Continued 



No 


a 


S 




Type 


d 


Vexp 


P. A. 


Axial Ratio 


R 


"HI 




log{EE) 


log(Miii) 




(h rn s) 




(kms-1) 


(1-3) 


(pc) 


(kms-l) 


n 




(kpc) 


(cm^'^) 


(Myr) 


(lO'^o erg) 


(10* Mo) 


35 


8 19 35.9 


70 46 33.1 


143 


1 


1330 


7 


131 


0.9 


4.8 


0.2 


93 


2.8 


3.0 


36 


8 19 40.3 


70 42 07.3 


164 


3 


424 


14 


168 


0.8 


3.9 


0.3 


15 


1.5 


2.1 


37 


8 19 40.7 


70 46 02.8 


143 


1 


1778 


7 


138 


0.5 


4.8 


0.1 


124 


3.1 


3.4 


38 


8 19 43.2 


70 43 11.6 


161 


1 


789 


7 





1.0 


4.1 


0.3 


55 


2.5 


2.7 


39 


8 19 44.0 


70 43 55.0 


166 


2 


474 


18 


72 


0.8 


4.3 


0.4 


13 


2.4 


1.7 


40 


8 19 45.8 


70 45 42.9 


143 


1 


1267 


7 


151 


0.7 


5.1 


0.2 


89 


2.7 


2.9 



Table B5. DDO 53 hole properties 



No 


a 


<5 




Type 


d 




P. A. 


Axial Ratio 


R 


"HI 




log{ETi) 


log{Mu_i) 




(h m s) 


(O , „) 


(kms-1) 


(1-3) 


(pc) 


(km s"-*-) 


n 




(kpc) 


(cm^'*) 


(Myr) 


(10^" erg) 


(10* Mo) 


1 


8 34 10.0 


66 10 38.0 


17 


1 


363 


8 


AA 


0.7 


0.4 


0.6 


22 


1.8 


1.6 


2 


8 34 11.7 


66 10 42.5 


22 


2 


309 


8 


148 


0.8 


0.6 


0.4 


19 


1.4 


1.2 


3 


8 34 12.2 


66 11 18.5 


17 


3 


179 


10 


145 


0.3 


1.3 


0.4 


9 


0.7 


0.5 



Table B6. NGC 2841 hole properties 



No 


a 


<5 


Vhcl 


Type 


d 


Vcxp 


P.A. 


Axial Ratio 


R 


nm 


^kin 


log{EE) 


log{Mui) 




{h m s) 


(° ' ") 


(kms^-') 


(1-3) 


(pc) 


(km s~^) 


n 




(kpc) 


(cm"-^) 


(Myr) 


(10^0 erg) 


(10-* Mo) 


1 
i 


O Ol Qfi /I 

y zi O0-4 


oi UD oo.o 


o/y 


1 


looo 


o 
y 


iOi 


1 n 
l.U 


/I 

00.4 


U.U 


79 
( Z 


1 Q 
i.O 


1 7 


9 




01 UZ ZO-O 


ooy 


1 
1 


1 1 "ifi 
1 iOD 


Q 

y 


iuo 


u.o 




U.U 


(^9 
OZ 


1 Q 

i .y 


1 7 


Q 
O 


Q 91 Af\ 'i 


CI (17 CO Q 


ooo 


1 
1 




Q 

y 


1 (^9 


u.o 


AA R 


U.U 


o i 


9 n 
z.u 


1 S 

i-.O 


A 


Q 91 AA ^ 


c;i ni An q 


oo4 


1 
i 




Q 

y 


U 


n Q 
u.y 


9Q n 


fi 1 


oy 


9 ^ 
Z.O 


9 K 
Z.O 


5 


9 21 45.0 


51 01 10.9 


405 


1 


1253 


9 


145 


0.8 


23.5 


0.1 


68 


2.3 


2.1 


6 


9 21 45.6 


51 01 57.4 


374 


1 


886 


9 


31 


0.9 


21.0 


0.1 


48 


2.0 


1.7 


7 


9 21 47.1 


51 02 21.4 


363 


1 


1474 


9 


108 


0.5 


19.4 


0.1 


80 


2.7 


2.6 


8 


9 21 52.1 


50 59 50.0 


441 


1 


1421 


9 


75 


0.8 


15.0 


0.1 


77 


2.7 


2.6 


9 


9 21 52.6 


50 59 33.5 


472 


1 


1242 


9 


162 


0.7 


15.1 


0.1 


68 


2.6 


2.5 


10 


9 21 57.4 


50 59 24.5 


425 


3 


1127 


28 





0.9 


6.6 


0.2 


20 


3.5 


2.4 


11 


9 22 00.9 


51 02 39.5 


487 


1 


1055 


9 


153 


0.8 


28.3 


0.0 


57 


1.7 


1.5 


12 


9 22 05.8 


50 52 53.0 


782 


1 


1666 


9 


118 


0.8 


38.6 


0.0 


91 


2.1 


2.4 


13 


9 22 10.2 


50 52 03.5 


824 


1 


1136 


9 


134 


0.5 


38.3 


0.0 


62 


1.7 


1.5 


14 


9 22 16.3 


50 56 53.0 


834 


1 


1450 


9 


126 


0.7 


19.6 


0.1 


79 


2.7 


2.6 


15 


9 22 17.7 


50 56 07.9 


886 


1 


917 


9 


57 


0.8 


19.7 


0.1 


50 


2.0 


2.2 


16 


9 22 31.8 


50 50 15.3 


886 


1 


991 


9 


88 


0.9 


39.2 


0.0 


54 


1.5 


1.3 



Table B7. HolmbergI hole properties 



No 


a 


<5 


Vhcl 


Type 


d 


Vcxp 


P. A. 


Axial Ratio 


R 


"HI 




log{E^) 






(h m s) 


(O , „) 


(km s^^) 


(1-3) 


(pc) 


(kms"-*-) 


n 




(kpc) 


(cm~^) 


(Myr) 


(IqSO erg) 


(IO^Mq) 


1 


9 40 13.6 


71 11 29.3 


130 


1 


491 


6 


123 


0.8 


1.8 


0.2 


40 


1.6 


1.6 


2 


9 40 22.1 


71 12 03.5 


146 


2 


195 


16 


13 


0.9 


1.6 


0.5 


6 


0.7 


1.3 


3 


9 40 28.6 


71 12 07.7 


138 


3 


363 


12 


45 


1.0 


1.4 


0.5 


15 


1.5 


1.9 


4 


9 40 30.0 


71 11 03.2 


135 


1 


744 


6 


4 


1.0 


0.2 


0.4 


61 


2.8 


2.4 


5 


9 40 33.6 


71 12 49.5 


153 


3 


418 


12 


45 


0.6 


2.1 


0.3 


17 


1.4 


1.9 


6 


9 40 59.1 


71 12 36.3 


138 


1 


668 


6 


45 


0.8 


3.1 


0.0 


54 


1.2 


1.1 



Table B8. NGC 2976 hole properties 



No 


a 


(5 




Type 


d 


Vcxp 


P. A. 


Axial Ratio 


R 


"HI 


^kin 


log(E^) 


log{MYii) 




{h m s) 


(° ' ") 


(kms^-'-) 


(1-3) 


(pc) 


(km s""'-) 


n 




(kpc) 


(cm~^) 


(Myr) 


(IqSO erg) 


(IO^Mq) 


1 
i 


y 4; UD.U 


U( 04 io.O 


- 1 


1 
1 


ioo 


o 
y 


U 


U.D 


Z. ( 


n 1 
U. i 


Q 

y 


n o 
-yj.z 


-U.o 


2 


9 47 07.8 


67 56 55.5 


59 


1 


140 


9 


104 


0.5 


2.2 


0.2 


8 


0.0 


-0.2 


3 


9 47 11.0 


67 55 58.5 


59 


1 


169 


12 


44 


0.7 


1.1 


1.2 


7 


1.4 


1.3 


4 


9 47 11.6 


67 54 15.0 


-17 


2 


179 


15 


62 


0.8 


1.6 


0.4 


6 


1.0 


0.5 


5 


9 47 13.7 


67 54 48.0 


-2 


2 


155 


15 





1.0 


0.5 


1.5 


5 


1.5 


1.2 


6 


9 47 13.7 


67 55 46.5 


28 


1 


187 


9 


155 


0.7 


0.9 


1.3 


10 


1.3 


1.4 


7 


9 47 14.5 


67 55 55.5 


39 


3 


127 


23 


150 


0.7 


1.2 


1.0 


3 


1.3 


0.4 


8 


9 47 14.8 


67 54 57.0 


-2 


1 


158 


9 


78 


0.4 


0.1 


2.3 


9 


1.4 


1.2 


9 


9 47 19.6 


67 53 42.0 


-63 


2 


134 


15 


135 


0.6 


1.5 


1.2 


4 


1.1 


0.6 


10 


9 47 21.4 


67 54 24.0 


-33 


3 


164 


15 


17 


0.9 


1.0 


1.8 


5 


1.6 


1.5 


11 


9 47 23.8 


67 53 03.0 


-63 


1 


239 


9 


81 


0.8 


2.2 


0.1 


13 


0.5 


0.3 


12 


9 47 27.5 


67 54 43.5 


-33 


1 


190 


9 





1.0 


2.4 


0.2 


10 


0.5 


0.3 


13 


9 47 28.9 


67 55 18.0 


-7 


1 


206 


9 


93 


0.8 


3.1 


0.1 


11 


0.0 


-0.1 



Table B9. NGC 3031 hole properties 



No a S Vhoi Type d Vixp P. A. Axial Ratio R nni <kin log{E-E) log(Miii) 





(h m s) 


(° ' ") 


(km s ^ ) 


(1 - 3) 


(pc) 


(km s ^ ) 


(°) 




(kpc) 


(cm 


(Mvr) 


(10^0 gi.g) 


(10* Mp.) 


1 


9 53 56.2 


69 12 36.5 


119 


2 


131 


12 


79 


0.5 


14.2 


0.2 


5 


0.1 


-0.3 


2 


9 53 58.8 


69 13 44.0 


132 


2 


140 


8 


26 


0.8 


14.3 


0.2 


9 


0.0 


-0.1 


3 


9 53 59.4 


69 13 26.0 


119 


1 


155 


8 


35 


0.5 


14.1 


0.2 


10 


0.0 


-0.1 


4 


9 54 00.8 


69 13 50.0 


127 


1 


86 


8 


164 


0.7 


14.2 


0.2 


5 


-0.7 


-0.8 


5 


9 54 02.7 


69 13 08.0 


114 


1 


179 


8 


16 


0.6 


13.7 


0.1 


11 


0.1 


0.0 


6 


9 54 04.5 


69 13 12.4 


122 


1 


140 


8 


170 


0.8 


13.5 


0.2 


9 


-0.2 


-0.3 


7 


9 54 05.1 


69 14 04.9 


135 


1 


147 


8 


98 


0.7 


13.9 


0.2 


9 


0.1 


-0.1 


8 


9 54 11.3 


69 13 46.8 


132 


2 


108 


8 


86 


0.7 


13.3 


0.2 


7 


-0.4 


-0.5 


9 


9 54 24.8 


69 13 28.4 


132 


1 


193 


8 





0.5 


12.0 


0.2 


12 


0.4 


0.2 


10 


9 54 28.7 


69 13 58.4 


143 


3 


140 


8 


174 


0.8 


12.2 


0.2 


9 


0.0 


-0.1 


11 


9 54 33.9 


69 14 08.7 


135 


3 


91 


8 


175 


0.3 


12.2 


0.3 


6 


-0.5 


-0.6 


12 


9 54 34.6 


69 05 35.6 


78 


1 


131 


8 


70 


0.5 


8.7 


0.4 


8 


0.2 


0.1 


13 


9 54 35.0 


69 14 25.1 


132 


3 


86 


10 


46 


0.7 


12.4 


0.5 


4 


-0.1 


-0.4 


14 


9 54 35.2 


69 05 28.1 


76 


1 


143 


8 


132 


0.5 


8.6 


0.6 


9 


0.5 


0.3 


15 


9 54 36.3 


69 05 16.1 


65 


3 


100 


13 


26 


0.8 


8.6 


0.7 


4 


0.4 


-0.1 


16 


9 54 36.5 


69 07 34.1 


117 


2 


129 


8 


87 


0.4 


8.0 


0.6 


8 


0.4 


0.2 


17 


9 54 36.5 


69 04 07.1 


45 


1 


226 


8 


141 


0.7 


9.3 


0.4 


14 


1.0 


0.8 


18 


9 54 37.1 


69 07 17.5 


114 


1 


262 


8 


45 


0.8 


7.9 


0.6 


16 


1.3 


1.1 


19 


9 54 39.6 


69 08 35.4 


143 


3 


129 


8 


16 


0.7 


7.8 


0.6 


8 


0.4 


0.2 


20 


9 54 40.4 


69 03 15.9 


21 


3 


102 


8 


42 


0.6 


9.2 


0.6 


6 


0.1 


-0.1 


21 


9 54 41.3 


69 04 10.0 


40 


3 


122 


8 


135 


0.8 


8.5 


0.9 


7 


0.5 


0.3 


22 


9 54 42.2 


69 04 23.4 


40 


3 


136 


14 


54 


0.6 


8.1 


1.0 


5 


1.1 


0.5 


23 


9 54 42.7 


69 04 24.9 


40 


1 


118 


8 


57 


0.6 


8.1 


1.0 


7 


0.5 


0.3 


24 


9 54 43.6 


69 09 08.4 


153 


2 


124 


8 


33 


0.6 


7.6 


0.5 


8 


0.3 


0.1 


25 


9 54 43.7 


69 05 38.4 


81 


2 


118 


11 


121 


0.8 


7.2 


0.7 


5 


0.5 


0.2 


26 


9 54 43.9 


69 13 39.9 


135 


2 


154 


8 


25 


0.6 


11.4 


0.3 


9 


0.2 


0.1 


27 


9 54 44.8 


69 06 17.3 


107 


2 


96 


13 





0.8 


6.9 


0.8 


4 


0.4 


0.0 


28 


9 54 45.4 


69 13 56.3 


135 


2 


111 


11 


133 


0.6 


11.7 


0.4 


5 


0.2 


-0.2 


29 


9 54 46.6 


69 03 42.8 


9 


2 


96 


10 


165 


0.8 


7.8 


1.1 


5 


0.4 


0.1 


30 


9 54 46.6 


69 03 51.8 


9 


2 


132 


12 





0.9 


7.7 


1.1 


5 


1.0 


0.5 


31 


9 54 47.1 


69 06 23.3 


107 


3 


143 


8 


12 


0.5 


6.5 


1.1 


9 


0.8 


0.6 


32 


9 54 47.3 


69 02 08.2 


-14 


3 


104 


8 


125 


0.7 


9.1 


0.7 


6 


0.2 


0.0 


33 


9 54 47.9 


69 03 02.2 


1 


1 


274 


8 





0.5 


8.2 


0.9 


17 


1.6 


1.4 


34 


9 54 48.7 


69 01 42.7 


-19 


3 


104 


8 


178 


0.7 


9.3 


0.5 


6 


0.0 


-0.1 



Table B9— Continued 



No a 5 Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 


(h m s) (° ' ") (kms-i) (1-3) 


(pc) 


(kms-l) (°) 


(kpc) 


(cm-3) (Myr) 


(10^0 erg) 


(lO-^Mo) 



35 


9 54 48.8 


69 07 11.2 


135 


2 


111 


8 


54 


0.6 


6.3 


1.0 


7 


0.4 


0.3 


36 


9 54 49.2 


69 00 15.7 


-39 


1 


157 


8 


56 


0.3 


10.8 


0.2 


10 


0.2 


0.1 


37 


9 54 49.3 


69 06 20.2 


91 


2 


106 


11 





1.0 


6.2 


1.3 


5 


0.7 


0.3 


38 


9 54 49.4 


69 13 45.7 


130 


2 


114 


8 


171 


0.9 


11.5 


0.3 


7 


-0.1 


-0.2 


39 


9 54 49.6 


69 05 21.7 


65 


2 


106 


10 


10 


0.6 


6.4 


1.0 


5 


0.5 


0.2 


40 


9 54 49.7 


69 04 48.7 


32 


1 


172 


8 


57 


0.7 


6.6 


0.8 


11 


0.9 


0.7 


41 


9 54 49.8 


69 09 33.7 


163 


1 


124 


8 


77 


0.5 


7.3 


0.6 


8 


0.3 


0.1 


42 


9 54 50.1 


69 09 17.1 


171 


2 


147 


10 


61 


0.7 


7.1 


0.6 


7 


0.7 


0.4 


43 


9 54 50.7 


69 13 21.6 


135 


2 


86 


10 


176 


0.7 


11.0 


0.3 


4 


-0.5 


-0.7 


44 


9 54 51.6 


69 03 54.6 


6 


2 


117 


8 


135 


0.7 


6.9 


0.6 


7 


0.3 


0.1 


45 


9 54 52.0 


69 01 26.1 


-37 


2 


117 


13 


100 


0.7 


9.0 


0.8 


4 


0.7 


0.2 


46 


9 54 52.3 


69 01 11.0 


-45 


3 


93 


8 


113 


0.6 


9.3 


0.7 


6 


0.0 


-0.1 


47 


9 54 53.4 


69 00 59.0 


-47 


2 


106 


10 


166 


0.4 


9.3 


0.7 


5 


0.3 


0.0 


48 


9 54 53.7 


69 08 33.5 


163 


1 


334 


8 





0.9 


6.3 


0.7 


20 


1.8 


1.8 


49 


9 54 54.8 


69 00 59.0 


-50 


2 


109 


13 


137 


0.5 


9.1 


0.7 


4 


0.5 


0.1 


50 


9 54 55.6 


69 01 27.4 


-47 


2 


155 


10 


132 


0.5 


8.4 


0.8 


8 


0.9 


0.6 


51 


9 54 56.4 


69 09 48.4 


166 


1 


309 


8 


133 


0.6 


7.1 


0.6 


19 


1.5 


1.7 


52 


9 54 56.4 


69 00 09.4 


-63 


2 


86 


8 


120 


0.7 


9.8 


0.7 


5 


-0.1 


-0.2 


53 


9 54 56.4 


69 08 28.9 


163 


1 


193 


8 


39 


0.5 


6.0 


0.9 


12 


1.1 


0.9 


54 


9 54 56.5 


69 01 54.4 


-42 


3 


106 


10 


100 


0.4 


7.8 


1.0 


5 


0.5 


0.2 


55 


9 54 56.7 


69 00 55.9 


-63 


3 


123 


10 





1.0 


8.8 


0.9 


6 


0.7 


0.3 


56 


9 54 56.8 


69 13 21.4 


135 


3 


86 


9 


42 


0.7 


11.0 


0.4 


5 


-0.3 


-0.5 


57 


9 54 57.1 


69 01 37.9 


-55 


3 


99 


8 


54 


0.6 


8.0 


0.9 


6 


0.2 


0.1 


58 


9 54 57.1 


69 08 58.9 


168 


1 


106 


8 





1.0 


6.4 


1.1 


6 


0.4 


0.2 


59 


9 54 57.4 


69 13 15.4 


130 


2 


108 


15 


80 


0.7 


10.9 


0.5 


4 


0.5 


-0.1 


60 


9 54 57.6 


69 02 00.3 


-55 


2 


93 


15 


133 


0.6 


7.6 


0.6 


3 


0.4 


-0.2 


61 


9 54 57.7 


68 59 54.3 


-75 


3 


92 


8 





0.9 


9.9 


0.9 


6 


0.1 


-0.1 


62 


9 54 57.8 


69 14 18.4 


127 


1 


136 


8 


145 


0.6 


12.2 


0.4 


8 


0.2 


0.1 


63 


9 54 58.2 


69 01 51.3 


-65 


1 


136 


8 


40 


0.9 


7.6 


0.7 


8 


0.5 


0.4 


64 


9 54 58.4 


69 01 18.3 


-63 


2 


114 


18 





0.9 


8.2 


0.8 


3 


0.9 


0.2 


65 


9 54 58.4 


69 01 24.3 


-73 


1 


93 


8 


132 


0.6 


8.1 


0.8 


6 


0.1 


-0.1 


66 


9 54 58.6 


69 13 01.8 


132 


3 


104 


8 


58 


0.7 


10.7 


0.5 


6 


0.0 


-0.1 


67 


9 54 58.8 


68 59 21.3 


-81 


3 


104 


10 


89 


0.7 


10.4 


0.5 


5 


0.2 


-0.1 


68 


9 54 58.8 


69 13 19.8 


125 


3 


95 


8 


146 


0.7 


11.1 


0.4 


6 


-0.2 


-0.3 



Table B9— Continued 



No a S Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 


(h m s) (° ' ") (kms-i) (1-3) 


(pc) 


(kms-l) (°) 


(kpc) 


(cm-3) (Myr) 


(10^0 erg) 


(lO-^Mo) 



69 


9 


54 


59.5 


69 


01 


24.3 


-60 


2 


140 


18 


61 


0.8 


7.9 


0.6 


4 


1.0 


0.4 


70 


9 


54 


59.7 


69 


00 


13.8 


-83 


2 


96 


8 





0.8 


9.2 


0.8 


6 


0.1 


0.0 


71 


9 


55 


00.2 


68 


59 


27.2 


-83 


2 


112 


10 


101 


0.5 


10.1 


0.6 


5 


0.3 


0.1 


72 


9 


55 


00.8 


68 


59 


16.7 


-91 


2 


104 


10 


150 


0.7 


10.2 


0.6 


5 


0.3 


0.0 


73 


9 


55 


00.8 


69 


13 


13.7 


130 


3 


126 


15 


152 


0.7 


10.9 


0.5 


4 


0.7 


0.1 


74 


9 


55 


01.2 


69 


01 


03.2 


-78 


1 


136 


8 


76 


0.6 


8.1 


0.6 


8 


0.5 


0.3 


75 


9 


55 


01.4 


69 


07 


07.7 


145 


1 


127 


8 


68 


0.6 


4.8 


0.8 


8 


0.5 


0.4 


76 


9 


55 


01.4 


68 


59 


46.7 


-91 


1 


140 


8 


162 


0.8 


9.5 


0.8 


9 


0.6 


0.4 


77 


9 


55 


01.7 


68 


59 


37.7 


-88 


1 


157 


8 


90 


0.8 


9.7 


0.7 


10 


0.7 


0.6 


78 


9 


55 


01.8 


69 


00 


45.2 


-78 


2 


111 


10 


76 


0.6 


8.3 


0.5 


5 


0.3 


0.0 


79 


9 


55 


02.0 


69 


13 


12.2 


122 


2 


136 


10 


124 


0.6 


10.9 


0.5 


7 


0.5 


0.2 


80 


9 


55 


02.3 


69 


10 


48.2 


153 


2 


160 


13 





0.7 


8.0 


0.6 


6 


1.0 


0.5 


81 


9 


55 


02.7 


69 


08 


39.2 


163 


3 


118 


8 


44 


0.5 


5.8 


1.1 


7 


0.5 


0.4 


82 


9 


55 


03.1 


68 


58 


10.6 


-96 


1 


123 


8 


90 


0.9 


11.2 


0.2 


8 


-0.1 


-0.2 


83 


9 


55 


03.4 


69 


13 


13.6 


119 


2 


91 


8 


98 


0.8 


11.0 


0.4 


6 


-0.3 


-0.4 


84 


9 


55 


03.9 


69 


00 


01.6 


-88 


3 


86 


8 


120 


0.7 


8.8 


0.7 


5 


-0.1 


-0.2 


85 


9 


55 


04.2 


69 


00 


22.6 


-93 


1 


104 


8 


68 


0.7 


8.4 


0.6 


6 


0.1 


-0.1 


86 


9 


55 


04.5 


69 


13 


25.6 


114 


2 


120 


8 


23 


0.6 


11.3 


0.2 


7 


-0.2 


-0.3 


87 


9 


55 


05.4 


69 


07 


22.6 


158 


1 


133 


8 


20 


0.6 


4.6 


0.9 


8 


0.6 


0.5 


88 


9 


55 


05.4 


68 


58 


37.5 


-111 


2 


101 


12 





0.9 


10.4 


0.6 


4 


0.3 


-0.1 


89 


9 


55 


05.5 


68 


59 


43.5 


-93 


2 


149 


13 


79 


0.9 


9.0 


0.6 


6 


0.9 


0.4 


90 


9 


55 


05.9 


69 


13 


21.0 


114 


1 


218 


8 


120 


0.5 


11.2 


0.3 


13 


0.8 


0.6 


91 


9 


55 


06.7 


69 


09 


09.0 


166 


2 


138 


8 


83 


0.7 


6.1 


0.8 


8 


0.6 


0.4 


92 


9 


55 


06.9 


68 


59 


30.0 


-104 


2 


106 


13 


128 


0.6 


9.1 


0.6 


4 


0.4 


-0.1 


93 


9 


55 


07.4 


68 


58 


31.5 


-106 


3 


149 


8 


45 


0.9 


10.2 


0.6 


9 


0.6 


0.4 


94 


9 


55 


07.4 


68 


58 


39.0 


-109 


3 


132 


9 


61 


0.9 


10.1 


0.6 


7 


0.5 


0.2 


95 


9 


55 


07.5 


69 


11 


36.0 


148 


2 


124 


8 


28 


0.6 


9.0 


0.5 


8 


0.2 


0.1 


96 


9 


55 


08.1 


69 


09 


46.4 


158 


1 


175 


8 


144 


0.8 


6.8 


0.5 


11 


0.8 


0.6 


97 


9 


55 


08.2 


68 


57 


56.9 


-101 


3 


114 


12 


1 


0.9 


10.9 


0.5 


5 


0.4 


0.0 


98 


9 


55 


08.3 


68 


59 


53.9 


-119 


1 


93 


8 


93 


0.6 


8.4 


0.5 


6 


-0.2 


-0.3 


99 


9 


55 


08.8 


68 


58 


38.8 


-104 


3 


93 


10 


168 


0.6 


9.9 


0.6 


5 


0.0 


-0.2 


100 


9 


55 


08.9 


68 


59 


35.8 


-114 


2 


131 


8 


120 


0.6 


8.7 


0.4 


8 


0.2 


0.1 


101 


9 


55 


09.0 


69 


13 


35.9 


114 


1 


147 


8 


120 


0.7 


11.7 


0.3 


9 


0.3 


0.2 


102 


9 


55 


09.6 


68 


58 


07.3 


-114 


3 


100 


17 


156 


0.8 


10.5 


0.6 


3 


0.5 


-0.1 
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No a 5 Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 


(h m s) (° ' ") (kms-i) (1-3) 


(pc) 


(kms-l) (°) 


(kpc) 


(cm-3) (Myr) 


(10^0 erg) 


(lO-^Mo) 



103 


9 55 09.8 


69 10 05.8 


158 


3 


104 


10 


38 


0.7 


7.2 


0.7 


5 


0.3 


0.0 


104 


9 55 09.9 


69 10 58.4 


148 


1 


302 


8 


27 


0.7 


8.3 


0.4 


18 


1.3 


1.2 


105 


9 55 10.1 


69 09 29.8 


161 


1 


143 


8 


68 


0.5 


6.5 


0.4 


9 


0.4 


0.2 


106 


9 55 10.2 


68 58 19.4 


-114 


3 


110 


12 


149 


0.9 


10.1 


0.6 


4 


0.4 


0.0 


107 


9 55 10.3 


69 12 35.9 


117 


1 


122 


8 


1 


0.8 


10.4 


0.5 


7 


0.2 


0.0 


108 


9 55 10.4 


69 12 52.4 


122 


2 


108 


10 


39 


0.7 


10.8 


0.6 


5 


0.3 


0.0 


109 


9 55 10.5 


68 58 28.2 


-114 


2 


104 


16 


25 


0.7 


9.9 


0.6 


3 


0.5 


-0.1 


110 


9 55 10.5 


68 58 59.7 


-119 


2 


109 


8 


83 


0.8 


9.2 


0.7 


7 


0.2 


0.1 


111 


9 55 11.0 


68 55 31.2 


-111 


2 


135 


8 


36 


0.3 


13.7 


0.2 


8 


-0.2 


-0.3 


112 


9 55 11.4 


69 08 53.8 


158 


2 


175 


10 


61 


0.8 


5.8 


1.3 


9 


1.3 


1.0 


113 


9 55 11.5 


68 58 13.2 


-109 


2 


92 


18 


129 


0.9 


10.1 


0.6 


3 


0.5 


-0.2 


114 


9 55 11.8 


68 57 44.7 


-124 


2 


113 


13 


132 


0.7 


10.7 


0.5 


4 


0.4 


0.0 


115 


9 55 12.1 


69 09 47.8 


158 


1 


127 


8 


69 


0.8 


6.9 


0.6 


8 


0.4 


0.2 


116 


9 55 12.1 


68 55 23.7 


-114 


1 


100 


8 


90 


0.5 


13.8 


0.2 


6 


-0.6 


-0.6 


117 


9 55 13.2 


69 13 02.7 


117 


2 


145 


13 


151 


0.6 


11.1 


0.6 


5 


0.9 


0.4 


118 


9 55 13.6 


69 07 58.1 


166 


1 


122 


8 


94 


0.8 


4.7 


1.1 


7 


0.6 


0.4 


119 


9 55 16.0 


69 12 32.5 


104 


3 


118 


11 


137 


0.6 


10.6 


0.7 


5 


0.6 


0.2 


120 


9 55 16.5 


69 12 22.0 


107 


3 


93 


8 


48 


0.6 


10.4 


0.4 


6 


-0.3 


-0.4 


121 


9 55 16.7 


68 56 52.0 


-135 


3 


100 


10 


68 


0.8 


11.3 


0.4 


5 


0.0 


-0.2 


122 


9 55 17.2 


69 10 04.0 


148 


2 


154 


8 


44 


0.6 


7.4 


0.8 


9 


0.7 


0.6 


123 


9 55 17.2 


69 07 53.5 


145 


2 


108 


11 


21 


0.7 


4.7 


0.9 


5 


0.6 


0.2 


124 


9 55 17.2 


69 13 04.0 


112 


2 


127 


11 


107 


0.8 


11.4 


0.7 


6 


0.6 


0.3 


125 


9 55 17.6 


69 08 44.5 


156 


2 


160 


8 


80 


0.7 


5.7 


1.5 


10 


1.1 


0.9 


126 


9 55 18.0 


69 07 28.0 


161 


1 


129 


8 


90 


0.7 


4.2 


0.8 


8 


0.5 


0.4 


127 


9 55 21.2 


68 57 32.3 


-145 


1 


127 


8 


67 


0.8 


9.9 


0.5 


8 


0.2 


0.1 


128 


9 55 21.4 


69 07 14.3 


150 


1 


167 


8 


111 


0.9 


3.9 


0.8 


10 


0.9 


1.1 


129 


9 55 21.5 


68 57 53.3 


-142 


1 


152 


8 


12 


0.5 


9.4 


0.4 


9 


0.4 


0.2 


130 


9 55 21.9 


69 01 51.8 


-104 


2 


112 


8 


52 


0.5 


4.1 


1.0 


7 


0.5 


0.3 


131 


9 55 22.3 


68 54 33.7 


-127 


1 


109 


8 


127 


0.8 


13.8 


0.1 


7 


-0.6 


-0.6 


132 


9 55 22.4 


68 55 36.7 


-127 


1 


193 


8 


51 


0.5 


12.3 


0.2 


12 


0.3 


0.2 


133 


9 55 22.5 


68 56 18.7 


-153 


3 


111 


9 


73 


0.6 


11.5 


0.5 


6 


0.2 


0.0 


134 


9 55 23.9 


69 07 33.6 


132 


1 


132 


8 


157 


0.9 


4.4 


0.8 


8 


0.6 


0.4 


135 


9 55 24.9 


69 11 54.6 


88 


1 


111 


8 


52 


0.6 


10.3 


0.6 


7 


0.2 


0.0 


136 


9 55 25.7 


69 13 42.6 


96 


2 


114 


10 





1.0 


12.8 


0.2 


6 


-0.2 


-0.5 
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No a 5 Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 


(h m s) (° ' ") (kms-i) (1-3) 


(pc) 


(kms-l) (°) 


(kpc) 


(cm-3) (Myr) 


(10^0 erg) 


(lO-^Mo) 



137 


9 55 26.1 


69 11 42.6 


88 


1 


118 


8 


57 


0.6 


10.1 


0.5 


7 


0.1 


0.0 


138 


9 55 26.2 


69 08 08.0 


130 


3 


104 


8 


16 


0.7 


5.3 


1.5 


6 


0.6 


0.4 


139 


9 55 27.6 


68 57 11.0 


-163 


1 


201 


8 


73 


0.8 


9.7 


0.3 


12 


0.6 


0.5 


140 


9 55 28.2 


69 12 56.0 


86 


1 


136 


8 


108 


0.6 


11.9 


0.3 


8 


0.2 


0.1 


141 


9 55 28.3 


68 55 57.5 


-163 


1 


154 


8 


65 


0.4 


11.3 


0.3 


9 


0.2 


0.1 


142 


9 55 28.5 


69 11 29.0 


88 


1 


93 


8 


100 


0.6 


10.0 


0.4 


6 


-0.3 


-0.4 


143 


9 55 28.7 


69 07 26.0 


107 


3 


121 


8 


148 


0.5 


4.5 


1.1 


7 


0.6 


0.4 


144 


9 55 28.7 


69 07 51.5 


104 


3 


118 


8 


119 


0.6 


5.1 


1.3 


7 


0.7 


0.5 


145 


9 55 28.8 


69 11 03.5 


91 


2 


103 


13 


26 


0.5 


9.4 


0.3 


4 


0.1 


-0.4 


146 


9 55 32.3 


69 12 10.8 


83 


3 


111 


8 


150 


0.6 


11.3 


0.5 


7 


0.1 


-0.1 


147 


9 55 32.9 


69 07 25.7 


96 


2 


96 


10 


50 


0.5 


4.8 


1.4 


5 


0.5 


0.2 


148 


9 55 33.0 


69 11 00.2 


83 


1 


193 


8 


143 


0.5 


9.7 


0.3 


12 


0.6 


0.5 


149 


9 55 33.2 


69 10 31.7 


96 


1 


137 


8 


111 


0.5 


9.1 


0.3 


8 


0.2 


0.1 


150 


9 55 33.4 


68 56 49.7 


-181 


1 


179 


8 


107 


0.6 


9.6 


0.3 


11 


0.5 


0.3 


151 


9 55 34.1 


68 55 33.1 


-176 


1 


109 


8 


12 


0.8 


11.3 


0.3 


7 


-0.3 


-0.4 


152 


9 55 34.4 


69 08 06.1 


104 


1 


155 


8 


11 


0.5 


5.8 


0.6 


10 


0.6 


0.5 


153 


9 55 35.0 


68 56 19.6 


-173 


3 


124 


10 


90 


0.4 


10.2 


0.2 


6 


0.0 


-0.3 


154 


9 55 36.4 


68 55 24.0 


-178 


1 


123 


8 





1.0 


11.3 


0.4 


8 


0.1 


0.0 


155 


9 55 36.5 


69 00 04.3 


-189 


1 


133 


8 


1 


0.6 


4.9 


0.8 


8 


0.6 


0.4 


156 


9 55 36.8 


69 12 06.0 


73 


1 


131 


8 


169 


0.5 


11.5 


0.4 


8 


0.2 


0.0 


157 


9 55 36.8 


69 12 16.5 


73 


1 


124 


8 


179 


0.6 


11.8 


0.3 


8 


0.0 


-0.1 


158 


9 55 37.5 


68 56 11.9 


-184 


1 


124 


8 


62 


0.5 


10.2 


0.3 


8 


-0.1 


-0.2 


159 


9 55 37.5 


69 11 18.0 


78 


3 


183 


14 


2 


0.8 


10.5 


0.8 


6 


1.3 


0.8 


160 


9 55 38.3 


69 10 60.0 


76 


3 


149 


15 


45 


0.9 


10.2 


0.7 


5 


1.1 


0.5 


161 


9 55 39.5 


68 56 02.8 


-189 


2 


161 


8 


21 


0.6 


10.2 


0.3 


10 


0.4 


0.2 


162 


9 55 41.2 


68 56 02.8 


-191 


2 


140 


8 


124 


0.8 


10.1 


0.3 


9 


0.1 


0.0 


163 


9 55 41.4 


69 12 20.8 


73 


1 


108 


8 


39 


0.7 


12.3 


0.2 


7 


-0.4 


-0.5 


164 


9 55 41.7 


68 56 37.2 


-194 


2 


92 


8 


53 


0.9 


9.3 


0.2 


6 


-0.6 


-0.7 


165 


9 55 42.5 


68 55 41.7 


-186 


2 


179 


12 


129 


0.8 


10.5 


0.3 


7 


0.7 


0.3 


166 


9 55 43.4 


68 54 34.1 


-163 


1 


140 


8 


21 


0.8 


11.9 


0.2 


9 


-0.1 


-0.2 


167 


9 55 44.6 


68 58 14.1 


-212 


1 


92 


8 


86 


0.9 


6.9 


0.4 


6 


-0.2 


-0.4 


168 


9 55 45.6 


68 56 19.0 


-202 


2 


149 


8 


21 


0.5 


9.4 


0.2 


9 


0.1 


0.0 


169 


9 55 46.7 


68 58 32.3 


-222 


1 


110 


8 


89 


0.9 


6.4 


0.6 


7 


0.2 


0.1 


170 


9 55 46.7 


69 09 58.0 


52 


3 


129 


12 


22 


0.7 


9.6 


0.8 


5 


0.8 


0.3 
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No a 5 Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 
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(10^0 erg) 
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171 


9 55 47.8 


68 56 42.9 


-207 


1 


236 


8 


66 


0.8 


8.8 


0.2 


14 


0.6 


0.5 


172 


9 55 48.1 


69 12 11.4 


63 


1 


96 


8 


130 


0.8 


12.8 


0.2 


6 


-0.6 


-0.6 


173 


9 55 48.1 


68 56 24.9 


-214 


1 


308 


8 


2 


0.9 


9.2 


0.2 


19 


1.0 


0.9 


174 


9 55 48.2 


69 00 16.7 


-230 


1 


92 


8 


34 


0.9 


4.2 


0.9 


6 


0.1 


0.0 


175 


9 55 48.5 


69 10 54.9 


55 


3 


110 


8 


103 


0.9 


11.2 


0.6 


7 


0.2 


0.0 


176 


9 55 49.6 


69 05 56.3 


14 


1 


109 


8 


139 


0.5 


4.8 


1.0 


7 


0.4 


0.2 


177 


9 55 51.2 


69 07 17.2 


45 


1 


224 


8 


44 


0.5 


6.7 


0.5 


14 


1.0 


0.8 


178 


9 55 51.3 


68 58 53.9 


-243 


1 


127 


8 


154 


0.8 


5.9 


0.8 


8 


0.5 


0.3 


179 


9 55 51.8 


68 58 08.1 


-232 


1 


97 


8 





1.0 


6.8 


0.5 


6 


-0.1 


-0.2 


180 


9 55 51.9 


69 11 12.7 


47 


1 


129 


8 


66 


0.7 


11.9 


0.4 


8 


0.1 


0.0 


181 


9 55 52.5 


68 58 41.8 


-235 


1 


185 


8 


3 


0.9 


6.1 


0.8 


11 


1.0 


0.8 


182 


9 55 52.8 


69 06 56.1 


37 


1 


128 


8 


76 


0.9 


6.5 


0.5 


8 


0.3 


0.1 


183 


9 55 55.9 


69 09 49.9 


27 


3 


137 


11 


25 


0.5 


10.6 


0.7 


6 


0.7 


0.4 


184 


9 55 56.4 


69 11 04.9 


42 


1 


127 


8 


41 


0.6 


12.3 


0.3 


8 


0.0 


-0.2 


185 


9 55 56.5 


69 09 36.4 


27 


3 


118 


8 


109 


0.8 


10.4 


0.6 


7 


0.3 


0.1 


186 


9 55 57.3 


69 09 43.9 


21 


3 


107 


8 





1.0 


10.6 


0.6 


7 


0.1 


0.0 


187 


9 55 57.8 


69 00 21.3 


-238 


1 


392 


8 


79 


0.5 


4.4 


0.6 


24 


1.9 


1.7 


188 


9 55 58.4 


69 11 18.3 


52 


3 


104 


11 


61 


0.7 


12.8 


0.2 


5 


-0.3 


-0.5 


189 


9 55 58.7 


69 00 43.8 


-240 


1 


143 


8 


122 


0.5 


4.2 


0.7 


9 


0.6 


0.9 


190 


9 55 59.7 


69 04 10.7 


-65 


3 


124 


8 


116 


0.6 


4.6 


1.2 


8 


0.7 


0.5 


191 


9 55 59.8 


69 09 07.7 


19 


3 


109 


8 


169 


0.5 


10.1 


0.8 


7 


0.3 


0.1 


192 


9 56 03.2 


68 59 15.3 


-240 


2 


158 


12 





1.0 


5.7 


0.9 


6 


1.1 


0.7 


193 


9 56 03.4 


69 06 59.9 


-16 


1 


154 


8 


65 


0.6 


8.1 


0.5 


9 


0.6 


0.4 


194 


9 56 03.4 


68 58 22.3 


-248 


1 


147 


8 


88 


0.7 


6.5 


0.5 


9 


0.4 


0.3 


195 


9 56 03.8 


68 55 05.9 


-220 


2 


104 


8 


125 


0.7 


10.3 


0.3 


6 


-0.3 


-0.4 


196 


9 56 03.8 


69 10 02.9 


32 


2 


104 


11 


107 


0.7 


11.9 


0.3 


5 


0.0 


-0.3 


197 


9 56 03.9 


69 02 46.4 


-148 


1 


123 


8 





1.0 


4.5 


0.8 


8 


0.5 


0.3 


198 


9 56 04.0 


68 58 35.9 


-245 


1 


363 


8 


147 


0.7 


6.3 


0.8 


22 


1.9 


1.9 


199 


9 56 04.7 


69 08 14.9 


1 


3 


100 


8 


89 


0.8 


9.8 


1.0 


6 


0.3 


0.1 


200 


9 56 04.8 


69 08 49.4 


21 


2 


162 


8 


130 


0.5 


10.5 


0.6 


10 


0.7 


0.5 


201 


9 56 05.1 


69 10 43.4 


42 


3 


122 


8 


45 


0.8 


12.9 


0.3 


7 


-0.1 


-0.2 


202 


9 56 05.5 


68 59 19.3 


-240 


1 


193 


8 


89 


0.8 


5.8 


0.9 


12 


1.1 


0.9 


203 


9 56 05.5 


69 09 46.3 


24 


1 


93 


8 


78 


0.6 


11.8 


0.4 


6 


-0.3 


-0.4 


204 


9 56 06.2 


68 59 25.2 


-240 


2 


106 


8 





1.0 


5.7 


1.0 


6 


0.4 


0.2 
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No a S Viiei Type 


d 


Vexp P- ■ 


Axial Ratio R 


"HI <kin 


logiEs) 


log{M^l) 
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(pc) 
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(10^0 erg) 
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205 


9 56 07.0 


69 08 46.3 


11 


2 


95 


8 


63 


0.7 


10.7 


0.5 


6 


-0.1 


-0.2 


206 


9 56 07.9 


69 08 58.2 


21 


2 


106 


12 


171 


0.6 


11.1 


0.5 


4 


0.3 


-0.1 


207 


9 56 08.2 


69 02 46.1 


-140 


1 


126 


8 


53 


0.7 


5.2 


1.0 


8 


0.6 


0.4 


208 


9 56 08.7 


68 59 55.1 


-232 


1 


168 


8 


84 


0.5 


5.6 


1.0 


10 


1.0 


0.8 


209 


9 56 08.8 


68 52 25.1 


-194 


3 


124 


8 


169 


0.5 


13.6 


0.1 


8 


-0.4 


-0.5 


210 


9 56 08.9 


69 07 28.1 


-21 


3 


86 


8 


158 


0.7 


9.4 


0.7 


5 


-0.1 


-0.2 


211 


9 56 08.9 


69 08 10.1 


-6 


2 


161 


8 


177 


0.6 


10.3 


0.7 


10 


0.8 


0.6 


212 


9 56 09.0 


69 06 08.6 


-21 


3 


145 


13 


101 


0.8 


8.0 


0.9 


5 


1.0 


0.6 


213 


9 56 09.4 


69 05 53.6 


-32 


3 


143 


8 


106 


0.5 


7.8 


0.9 


9 


0.8 


0.6 


214 


9 56 09.8 


69 09 47.6 


19 


1 


122 


8 


115 


0.8 


12.4 


0.2 


7 


-0.1 


-0.2 


215 


9 56 10.2 


69 00 26.6 


-220 


1 


123 


8 





1.0 


5.5 


1.0 


8 


0.6 


0.4 


216 


9 56 10.3 


69 07 29.6 


-19 


2 


142 


10 


37 


0.4 


9.7 


0.6 


7 


0.7 


0.4 


217 


9 56 10.4 


68 54 24.9 


-204 


3 


160 


15 


150 


0.4 


11.1 


0.3 


5 


0.7 


0.2 


218 


9 56 10.7 


68 56 33.9 


-235 


2 


142 


8 


52 


0.7 


8.6 


0.4 


9 


0.4 


0.2 


219 


9 56 10.8 


69 01 47.4 


-166 


1 


109 


8 


170 


0.5 


5.3 


0.6 


7 


0.2 


0.0 


220 


9 56 11.1 


68 59 25.0 


-238 


3 


96 


8 


39 


0.8 


6.1 


1.4 


6 


0.4 


0.2 


221 


9 56 11.2 


69 06 18.9 


-29 


3 


123 


13 





1.0 


8.5 


1.2 


5 


0.9 


0.5 


222 


9 56 11.2 


69 08 39.9 


16 


1 


143 


8 


156 


0.5 


11.2 


0.4 


9 


0.3 


0.2 


223 


9 56 11.3 


69 02 56.4 


-122 


2 


104 


8 


42 


0.7 


5.8 


0.7 


6 


0.2 


0.0 


224 


9 56 11.3 


69 00 45.9 


-204 


1 


165 


8 


2 


0.7 


5.5 


0.6 


10 


0.8 


0.6 


225 


9 56 11.3 


68 59 34.0 


-235 


3 


88 


8 





1.0 


6.0 


1.2 


5 


0.2 


0.0 


226 


9 56 11.8 


69 00 25.0 


-217 


2 


96 


10 


61 


0.8 


5.7 


1.4 


5 


0.6 


0.2 


227 


9 56 11.8 


68 58 51.9 


-253 


1 


261 


8 


105 


0.5 


6.5 


0.6 


16 


1.3 


1.6 


228 


9 56 12.2 


69 00 02.4 


-225 


2 


106 


8 





1.0 


5.9 


1.1 


6 


0.4 


0.2 


229 


9 56 12.3 


69 04 29.4 


-63 


1 


118 


8 


35 


0.6 


7.0 


0.6 


7 


0.2 


0.1 


230 


9 56 12.7 


68 59 44.4 


-230 


2 


147 


8 


50 


0.7 


6.1 


0.8 


9 


0.7 


0.5 


231 


9 56 12.8 


69 01 51.9 


-160 


1 


102 


8 


31 


0.6 


5.7 


0.7 


6 


0.1 


0.0 


232 


9 56 13.0 


69 03 21.8 


-104 


1 


236 


8 


54 


0.6 


6.3 


0.8 


14 


1.4 


1.6 


233 


9 56 13.0 


69 01 00.8 


-194 


1 


226 


8 


48 


0.7 


5.7 


0.7 


14 


1.2 


1.4 


234 


9 56 13.4 


69 00 17.2 


-222 


2 


165 


10 


121 


0.7 


5.9 


1.1 


8 


1.2 


0.8 


235 


9 56 13.5 


69 05 08.3 


-75 


3 


109 


16 


69 


0.8 


7.7 


1.3 


3 


1.0 


0.4 


236 


9 56 13.8 


69 00 39.7 


-207 


2 


122 


11 


44 


0.8 


5.8 


1.1 


5 


0.8 


0.4 


237 


9 56 13.9 


69 07 24.8 


-24 


3 


111 


8 


100 


0.6 


10.1 


0.5 


7 


0.1 


-0.1 


238 


9 56 14.0 


69 06 03.8 


-55 


3 


149 


15 


5 


0.9 


8.7 


1.4 


5 


1.4 


0.8 
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d 
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"HI <kin 
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239 


9 56 14.1 


68 59 49.9 


-232 


1 


136 


8 


142 


0.6 


6.2 


0.8 


8 


0.6 


0.4 


240 


9 56 14.1 


69 05 23.3 


-63 


3 


114 


10 


7 


0.9 


8.1 


1.5 


6 


0.8 


0.5 


241 


9 56 14.2 


69 05 33.8 


-57 


3 


114 


8 


38 


0.9 


8.2 


1.5 


7 


0.7 


0.5 


242 


9 56 14.3 


69 08 24.8 


9 


1 


226 


8 


29 


0.7 


11.3 


0.3 


14 


0.9 


0.7 


243 


9 56 14.5 


69 05 42.7 


-55 


3 


123 


8 


28 


0.9 


8.4 


1.5 


8 


0.8 


0.6 


244 


9 56 14.6 


69 02 15.7 


-145 


1 


368 


8 


18 


0.8 


6.0 


0.9 


22 


2.0 


2.0 


245 


9 56 15.0 


69 03 36.7 


-96 


1 


111 


8 


57 


0.6 


6.8 


0.8 


7 


0.3 


0.2 


246 


9 56 15.4 


69 05 51.7 


-73 


2 


105 


10 


122 


0.8 


8.7 


1.4 


5 


0.6 


0.3 


247 


9 56 15.4 


69 06 24.7 


-37 


2 


114 


10 


160 


0.9 


9.3 


0.6 


6 


0.4 


0.1 


248 


9 56 15.5 


69 00 45.8 


-202 


2 


175 


13 


50 


0.8 


6.0 


1.1 


7 


1.4 


0.9 


249 


9 56 15.7 


69 02 39.6 


-124 


1 


190 


8 


75 


0.7 


6.4 


0.9 


12 


1.1 


0.9 


250 


9 56 15.7 


69 03 02.1 


-109 


2 


104 


8 


20 


0.7 


6.6 


1.0 


6 


0.3 


0.2 


251 


9 56 16.1 


69 05 09.6 


-68 


3 


117 


13 


48 


0.7 


8.1 


1.0 


4 


0.8 


0.3 


252 


9 56 16.2 


68 52 05.0 


-202 


2 


86 


8 


20 


0.7 


13.8 


0.1 


5 


-0.9 


-1.0 


253 


9 56 16.9 


68 57 12.5 


-248 


2 


146 


8 


121 


0.5 


8.2 


0.3 


9 


0.3 


0.1 


254 


9 56 17.2 


69 05 02.1 


-68 


3 


135 


8 


20 


0.7 


8.2 


0.8 


8 


0.6 


0.4 


255 


9 56 17.6 


69 03 56.0 


-104 


3 


102 


13 


41 


0.6 


7.4 


0.7 


4 


0.4 


0.0 


256 


9 56 17.6 


69 00 26.0 


-225 


2 


96 


10 


87 


0.8 


6.4 


1.2 


5 


0.5 


0.2 


257 


9 56 17.7 


68 58 39.5 


-253 


1 


126 


8 


104 


0.7 


7.1 


0.4 


8 


0.2 


0.0 


258 


9 56 17.8 


69 01 28.8 


-176 


1 


88 


8 





1.0 


6.3 


0.9 


5 


0.1 


-0.1 


259 


9 56 17.8 


68 54 09.5 


-217 


2 


142 


8 


123 


0.7 


11.4 


0.2 


9 


0.1 


0.0 


260 


9 56 18.2 


69 00 18.4 


-217 


2 


106 


10 





1.0 


6.5 


1.0 


5 


0.5 


0.2 


261 


9 56 18.3 


69 05 21.4 


-78 


1 


92 


8 


23 


0.9 


8.7 


0.7 


6 


0.0 


-0.2 


262 


9 56 18.4 


69 05 31.9 


-73 


3 


90 


8 


24 


0.6 


8.9 


1.0 


5 


0.2 


0.0 


263 


9 56 18.9 


69 01 44.8 


-176 


2 


86 


13 


55 


0.7 


6.6 


1.0 


3 


0.4 


-0.1 


264 


9 56 19.1 


69 06 12.4 


-45 


1 


104 


8 


128 


0.7 


9.7 


0.8 


6 


0.2 


0.0 


265 


9 56 19.3 


69 00 45.4 


-209 


1 


175 


8 


90 


0.8 


6.6 


0.9 


11 


1.0 


0.8 


266 


9 56 19.5 


69 03 57.5 


-104 


2 


136 


15 


150 


0.6 


7.7 


1.0 


4 


1.1 


0.5 


267 


9 56 19.5 


68 54 09.3 


-220 


1 


129 


8 


169 


0.7 


11.4 


0.2 


8 


-0.1 


-0.2 


268 


9 56 19.5 


69 06 01.9 


-60 


3 


145 


8 


26 


0.8 


9.5 


0.9 


9 


0.8 


0.6 


269 


9 56 19.7 


69 03 18.4 


-130 


2 


123 


18 





1.0 


7.4 


1.3 


3 


1.2 


0.5 


270 


9 56 20.0 


69 05 09.4 


-81 


1 


124 


8 


148 


0.5 


8.8 


0.7 


8 


0.4 


0.2 


271 


9 56 20.0 


69 05 18.4 


-81 


2 


129 


16 


121 


0.7 


8.9 


0.6 


4 


0.8 


0.3 


272 


9 56 20.4 


69 02 31.8 


-155 


2 


96 


15 


61 


0.8 


7.1 


1.0 


3 


0.6 


0.1 
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273 


9 56 20.7 


69 04 16.9 


-106 


2 


102 


8 


160 


0.6 


8.2 


0.6 


6 


0.1 


-0.1 


274 


9 56 21.0 


68 58 19.7 


-245 


1 


361 


8 


115 


0.5 


7.6 


0.4 


22 


1.6 


1.7 


275 


9 56 21.3 


69 04 49.7 


-96 


3 


100 


8 


24 


0.8 


8.7 


1.1 


6 


0.3 


0.2 


276 


9 56 21.6 


69 00 27.2 


-212 


3 


193 


8 


64 


0.8 


6.9 


0.7 


12 


1.0 


0.8 


277 


9 56 21.7 


69 03 42.2 


-122 


2 


126 


8 


79 


0.7 


7.9 


1.1 


8 


0.6 


0.5 


278 


9 56 21.7 


69 00 00.2 


-220 


1 


572 


8 


78 


0.5 


7.0 


0.6 


35 


2.4 


2.3 


279 


9 56 22.0 


69 01 43.7 


-178 


3 


140 


8 


6 


0.8 


7.0 


0.8 


9 


0.7 


0.5 


280 


9 56 22.0 


69 03 58.7 


-114 


1 


224 


8 


18 


0.6 


8.2 


0.8 


14 


1.3 


1.1 


281 


9 56 22.1 


69 02 21.2 


-171 


2 


111 


13 


29 


0.6 


7.3 


0.9 


4 


0.7 


0.2 


282 


9 56 23.2 


69 02 39.1 


-155 


1 


155 


8 


83 


0.5 


7.6 


0.8 


10 


0.8 


0.6 


283 


9 56 23.4 


68 57 55.5 


-243 


3 


131 


8 


91 


0.6 


8.1 


0.5 


8 


0.4 


0.2 


284 


9 56 23.6 


69 04 57.1 


-91 


1 


157 


8 


138 


0.8 


9.2 


0.7 


10 


0.7 


0.5 


285 


9 56 24.4 


69 02 27.0 


-160 


2 


111 


8 


112 


0.6 


7.7 


0.7 


7 


0.2 


0.1 


286 


9 56 24.4 


69 04 57.0 


-91 


1 


206 


8 


145 


0.8 


9.4 


0.6 


13 


1.0 


0.9 


287 


9 56 25.4 


68 59 36.0 


-227 


1 


155 


8 


52 


0.5 


7.5 


0.5 


10 


0.5 


0.4 


288 


9 56 25.5 


68 54 34.5 


-212 


2 


165 


10 


93 


0.7 


11.1 


0.3 


8 


0.5 


0.2 


289 


9 56 25.5 


69 02 48.0 


-153 


1 


111 


8 


2 


0.6 


8.0 


0.8 


7 


0.3 


0.2 


290 


9 56 25.7 


69 04 33.0 


-101 


2 


129 


15 


63 


0.7 


9.3 


0.7 


4 


0.9 


0.3 


291 


9 56 25.8 


69 06 22.5 


-37 


3 


88 


10 


13 


0.8 


10.9 


0.7 


4 


0.1 


-0.2 


292 


9 56 25.9 


68 57 58.4 


-238 


1 


93 


8 


17 


0.6 


8.3 


0.4 


6 


-0.2 


-0.3 


293 


9 56 26.2 


69 05 10.4 
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3 


111 


8 


73 
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0.5 


7 


0.1 


0.0 
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8 
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0.5 


8 
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1 
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8 
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0.2 


13 
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9 56 27.0 


69 03 23.9 
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8 
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0.8 


8.6 


0.8 
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8 
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2 
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8 
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8.6 


0.7 


7 


0.2 


0.1 
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1 
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8 
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10.2 


0.4 


9 


0.3 
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9 56 29.0 
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1 
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52 
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111 


20 
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8.7 
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0.1 
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9 56 30.1 


69 06 38.7 


34 


1 
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8 


12 
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11.8 


0.4 


10 


0.5 


0.4 
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2 
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1 
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7 
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18 
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2 
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0.3 


49 
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1 
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5.2 
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1 
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45 


2.1 
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10 
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7 
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Table BIO— Continued 
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40 
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1 


1142 


7 
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0.2 
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2.8 
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Table Bll. IC 2574 hole properties 



No 


a 


<5 




Type 


d 


Vcxp 


P. A. 


Axial Ratio 


R 






logiEs) 


log(Mni) 




(h m s) 


(° ' ") 


(km s"-*-) 


(1-3) 


(pc) 


(km s""-'-) 


(°) 




(kpc) 


(cm^"^) 


(Myr) 


(IqSO erg) 


(10* Mo) 


i 


IK) Ai oU.D 


fiC 01 oo o 
Oo AL AiJ.A 


A 

4 


1 


1 n7Q 
ly) to 


7 


07 
Z ( 


n o 
u.y 


7 A 
1 .4 


n Q 
U.o 


( 


O Q 
Z.o 


Q n 
o.U 


O 

A 


1 n ov Q/i 1 
iU At o4. i 


fic on QO O 

Oo AK) OA. A 


U 


q 
o 


A OQ 

4zy 


1 n 


U 


1 n 
i.U 


7 Q 
( .o 


n o 

U.Z 


01 
Zi 


1 7 
i. ( 


1 A 
1.4 


Q 
O 


lU Zi 40. o 


(^Q O/l Qfi 
Oo Z4 OD.O 


1 Q 


Q 
O 


Qc;i 
oOi 


1 7 


U 


1 n 


/I Q 
4.0 


n Q 
U.o 


1 n 
iU 


1 Q 

i.y 


1 O 
l.Z 


A 


lU Z 1 4 / .Z 


KQ OO AT n 
Do AA 4/.U 


1 Q 

ly 


A 


041 


1 n 


1 O 
IZ 


n a 
U.D 


^ 1 
0.1 


fl A 
U.4 


ZD 


o o 

A. A 


1 Q 

i.y 


O 


J.U At 4 ( .4 


91 on n 

DCS AL A\j.\j 


Q 


1 
1 


4Do 


7 


n 
u 


1 n 


f\ 1 
D.l 


n Q 
u.o 


Q^ 
oo 


1 Si 


1 7 

i. 1 


D 


1 n 07 n 


KQ OA 1 Q 
Oo Z4 ID.y 


O!^ 

zo 


Q 
O 


ouy 


1 n 


1 /IQ 
i4o 


n 7 


Q Q 


n Q 
u.o 


oi^ 
ZO 


O 1 
Z. i 


1 7 
i. 1 


i 


iU z / 00. i 


fiC OQ /lO O 

Oo Ao 4y.y 


Qn 

oK) 


1 


onoi 

ZUZl 


7 


Qn 
oU 


n 7 


Q 7 


n A 
u.4 


1/11 
i4i 


Q Q 
O.O 


Q ^ 
O.O 


Q 
O 


1 n ov f^o /I 
IK) Ai oy .4 


AC 0/1 QH Q 
Oo Z4 0K).0 


o^ 

AO 


1 


000 


/ 


1 OQ 
iZo 


n 7 


Q O 
O.Z 


n Q 
U.o 


QQ 

oy 


1 Q 

i.y 


O O 
A. A 


o 
y 


in o Q n /I 


fiQ OQ T n v 
Oo Zo lU. / 


t^Q 


1 
1 


7Q/1 
i o4 


/ 


QO 

oy 


n Q 
U.o 


0. ( 


n o 

U.Z 


t^l 
Oi 


O 1 
Z. i 


O A 
Z.4 


1 n 
iU 


1 n OQ no 7 

iu zo uy. / 


i^Q OQ 0/1 1 
Oo AO a4l.i 


Qn 
oU 


1 
1 


DOi 


{ 


yy 


n o 
U.y 


O 7 

Z. / 


n /I 
U.4 


A a 
4D 


O A 
Z.4 


O K 

Z.O 


li 


lU Ao iD.o 


ftQ OK oc; c 
Do Zo zo.Jd 


A Q 


1 
i 


DU4 


>7 
1 


Of; 
ZD 


O 7 


1 a 

i.U 


O A 

U.4 


ylO 
4Z 


O Q 
Z.O 


O A 

Z.4 


1 o 


1 n OQ 1 O Q 

iU Ao iy.o 


^IQ OA OQ O 

Oo Z4 zo.y 


A Q 
4o 


Q 
O 


A Qn 

4oU 


1 Q 


1 Q 

ly 


n 7 


i. i 


n fi 
U.O 


1 fi 
iD 


O Q 
Z.O 


o o 

A. A 


1 

±o 


1 n OS 09 Q 
lU Ao AA.tJ 


(^Q 07 1 n Q 
Oo Z ( lU-O 


40 


1 

1 


±OOD 


7 


1 flR 
±OD 


n 7 


Q 
O.Z 


n zL 
u.4 


1 QO 
±OZ 


Q 7 
O. ( 


Q A 
0.4 


1 /I 


1 n OQ OQ n 

iU Zo Ao.K) 


fiC oo QC Q 
Oo AA oo.o 


Qn 

oK) 


Q 
O 


QQ 1 

ool 


T Q 


U 


1 n 

i.U 


Q O 
O.Z 


n /I 

U.4 


1 O 
iZ 


1 7 
i. ( 


1 Q 
i.O 


1 

iO 


1 n OQ OQ 
iU Ao Zo.D 


fiQ oc; no Q 
Do ZO UZ.o 


A Q 
4o 


Q 
O 


Q 

04o 





77 


n 

U.O 


n ^ 
u.o 


n 

U.O 


04 


O 1 
Z. i 


O /t 
Z.4 


16 
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17 
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43 


3 
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9 
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1.4 


0.4 


25 


2.0 


2.2 


18 


10 28 30.8 
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50 


1 
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0.5 
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2.7 
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61 


2 
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1 
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66 


1 


894 
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10 


145 


0.8 


3.6 


0.0 


29 


1.3 


1.1 


18 


12 


28 


32.9 


44 


04 


47.6 


169 


1 


875 


10 


51 


0.6 


8.1 


0.0 


43 


1.5 


1.2 


19 


12 


28 


33.2 


44 


03 


58.1 


164 


1 


574 


10 


47 


0.7 


9.4 


0.0 


28 


0.7 


0.5 


20 


12 


28 


49.1 


44 


08 


13.0 


154 


1 


477 


10 


20 


0.8 


10.1 


0.0 


23 


0.1 


0.0 



Table B16. NGC 4736 hole properties 



No 




a 




<5 




Vhcl 


Type 




Vcxp 


P. A. 


Axial Ratio 


R 


"-HI 


^kin 


log{E^) 


log(MYn) 




(h 


m s) 


(° 




") 


(km s~-^) 


(1-3) 


(pc) 


(km s~^) 


n 




(kpc) 


(cm"*^) 


(Myr) 


(10^0 erg) 


(10* Mq) 


1 
i 




oU oU.y 


A 1 


Uo 


f^7 n 
/ .U 


4U ( 


1 
1 


Q7T 
O ( 1 


Q 

y 


9 
Z 


U.O 


R 1 
O.l 


U. 1 


9n 
zU 


O 7 
U. ( 


n R 
U.O 


9 


1 9 


O i , z 


'-±1 


1 1 
1 1 


lO.D 


"^70 

O 1 U 


1 
1 


9R9 
ZOZ 


Q 

y 


I 7R 

I I D 




U.O 


7 




u.u 


1 A 
i"* 



U.U 


1 
-U. 1 


Q 
O 


1 9 
IZ 


KA on 1 
ou oy.i 


A^ 
^1 


C\A 
U4 


lO.l 


ooy 


1 


ooy 


Q 

y 


104 


s 

U.O 


7 O 
/ .U 


O 

u.u 


1 Q 

ly 




U.O 


9 

u.z 


A 


1 9 
IZ 


ou oy.o 


41:1 


U4: 


40.0 


ooy 


1 
1 


ooi 


Q 

y 


IDO 


U.cS 


R 9 
D.Z 


u.u 


91 
Zl 


U.O 


n A 

U.4 


O 


1 9 
IZ 


cfi A^ 1 

ou ^J-.l 


A^ 
'ti 


u / 


OD.I 


zlOl 

'iUl 


1 
1 


004 


Q 

y 


lOl 


o 7 
u. / 


^ 1 
O.l 


O A 
U.4 


90 
ZU 


1 R 
l.D 


1 R 
l.O 


a 
D 


1 9 

IZ 


Cfl A A f{ 
OU ^''i.D 


A^ 
'ii 


07 
U ( 


97 1 
Z I . 1 


^Ul 


9 
Z 


zLI A 


90 
ZU 


AO 
4Z 


s 

U.O 


9 

Z.O 


1 1 
1.1 


1 o 

lU 


9 S 
Z.O 


1 Q 

i.y 


•7 
i 


1 9 
IZ 


OU 40. U 


A 1 
41 


UO 


1^7 1 
/ . 1 


OOD 


9 
Z 


oDl 


9R 
ZD 


n 
U 


l.U 


9 Q 
Z.O 


1 9 
l.Z 


7 


9 Q 
Z.O 


1 Q 
l.O 


Q 
O 


1 9 
IZ 


p:n /I c; 9 
ou -^iO.Z 




U 1 


A(\ (\. 


407 
4U 1 


Q 
O 


oUo 


lO 


9"^ 
Zo 


s 

U.O 


9 

Z.O 


1 9 
l.Z 


1 
lU 


9 9 

z.z 


1 R 
l.O 


y 


"1 9 
IZ 


ou io.o 


A \ 
41 


n7 

U i 


KA 1 
04. 1 


A 99 
4ZZ 


9 
Z 


oOU 


10 


n 
U 


n o 
U.y 


9 T 
Z. 1 


1 A 
1.4 


1 1 
1 1 


9 

Z.O 


l.O 


1 n 

lU 


1 9 
IZ 


ou 4 / . 1 


A^ 
^1 


07 
U / 


1 R 
lU.D 


O I D 


9 
Z 


4oy 


"^O 
OU 


n 
U 


Q 

u.y 


1 R 
l.O 


9 Q 

z.y 


7 


R 

o.o 


9 1 
Z. 1 


1 1 

1 J. 


1 9 
IZ 


OU 4 / .O 


A^ 
'ti 


OR 
UD 


O 1 . 1 


o 1 D 


1 
1 


O^A 
Z04 


Q 

y 


lOO 


O R 
U.O 


1 R 
l.O 


o ^ 

U.O 


1 A 

l^i 


l.O 


1 O 
l.U 




1 9 
IZ 


ou 4 i .y 


A 1 
41 


n7 
U ( 


99 R 
ZZ.O 


/ini 

4U1 


O 


99^1 
ZZO 


ID 


U 


l.U 


l.O 


4.0 


7 


9 

Z.O 


1 R 
1.0 


13 


12 


50 48.9 


41 


06 


40.7 


345 


1 


350 


9 


133 


0.6 


1.6 


3.3 


19 


2.6 


2.0 


14 


12 


50 49.6 


41 


08 


40.7 


396 


1 


332 


9 


121 


0.7 


2.5 


0.7 


18 


1.8 


1.6 


15 


12 


50 50.7 


41 


06 


28.7 


303 


3 


An 


20 


40 


0.4 


1.5 


3.2 


10 


3.4 


2.1 


16 


12 


50 52.1 


41 


06 


33.2 


283 


1 


235 


9 


64 


0.8 


1.2 


5.7 


13 


2.4 


1.8 


17 


12 


50 54.7 


41 


07 


10.7 


200 


2 


452 


10 





1.0 


0.5 


8.1 


22 


3.5 


2.2 


18 


12 


50 56.0 


41 


06 


24.2 


215 


1 


212 


9 


28 


0.7 


1.5 


4.3 


12 


2.1 


1.6 


19 


12 


50 58.6 


41 


07 


36.1 


267 


2 


271 


21 


12 


0.6 


1.8 


2.0 


6 


2.6 


1.6 


20 


12 


50 59.2 


41 


05 


57.1 


226 


1 


244 


9 





0.7 


2.4 


0.7 


13 


1.4 


1.3 


21 


12 


50 59.2 


41 


07 


25.6 


262 


2 


341 


26 


1 


0.6 


1.9 


1.9 


6 


3.0 


1.8 


22 


12 


50 59.3 


41 


07 


48.1 


283 


3 


212 


11 


134 


0.7 


2.3 


2.4 


9 


1.9 


1.7 


23 


12 


51 02.4 


41 


07 


01.6 


226 


2 


339 


15 





1.0 


2.7 


1.0 


11 


2.3 


1.8 


24 


12 


51 20.4 


41 


10 


03.0 


257 


1 


300 


9 


50 


0.7 


9.9 


0.0 


16 


0.1 


0.0 



Table B17. DDO 154 hole properties 



No 




s 


^ ncl 


lype 


d 




P. A. 


AtioI TRnfin 


R 


^HI 


*'Kin 








{h m s) 


(° ' ") 


(kms^^) 


(1-3) 


(pc) 


(kms-i) 


n 




(kpc) 


(cm^'*) 


(Myr) 


(IqSO erg) 


(IO^Mq) 


1 


12 53 56.7 


27 07 53.0 


411 


1 


472 


8 


53 


0.7 


3.2 


0.1 


29 


1.3 


1.2 


2 


12 53 58.6 


27 07 53.0 


400 


1 


685 


8 


110 


0.8 


2.6 


0.1 


42 


1.8 


1.7 


3 


12 54 03.0 


27 07 54.5 


400 


1 


460 


8 


118 


0.7 


2.3 


0.2 


28 


1.5 


1.3 


4 


12 54 03.1 


27 09 17.0 


380 


1 


361 


8 


162 


0.8 


1.6 


0.2 


22 


1.2 


1.1 


5 


12 54 06.3 


27 08 21.5 


382 


1 


604 


8 


139 


0.9 


2.2 


0.2 


37 


1.9 


1.7 


6 


12 54 07.6 


27 09 53.0 


362 


3 


396 


6 





1.0 


1.3 


0.2 


32 


1.1 


1.2 


7 


12 54 08.4 


27 09 14.0 


372 


2 


454 


13 


163 


0.8 


1.1 


0.2 


17 


1.9 


1.5 


8 


12 54 15.6 


27 11 02.0 


328 


2 


271 


13 





1.0 


3.6 


0.1 


10 


0.7 


0.3 


9 


12 51 15,!) 


27 09 11,0 


:ir, 1 


1 




8 


lT:i 


0.9 


1.1 


0.1 


2~i 


1,0 


0,8 



Table B18. NGC 5194 hole properties 



No 










s 




•^hcl 


Type 


d 


Vcxp 


P. A. 


A T'inJ TRnfin 


R 


^HI 


"-km 


lna( R-E') 


Jnn( MijA 
>j^y\^^^ Hi } 




(h 




s) 






"\ 

I 


^km s ^ 


(1 - 3~) 




(^km S 


\ ) 














1 


13 


29 


33.2 


47 


11 


43.4 


473 


1 


1344 


8 


161 


0.8 


8.2 


0.2 


47 


3.3 


2.8 


2 


13 


29 


35.7 


47 


09 


59.9 


483 


1 


368 


8 


135 


0.9 


8.2 


0.4 


12.9 


2.0 


1.4 


3 


13 


29 


35.7 


47 


10 


32.9 


462 


1 


349 


8 





1.0 


7.7 


0.4 


12.2 


1.9 


1.4 


4 


13 


29 


39.8 


47 


09 


31.5 


499 


1 


828 


32 


93 


0.8 


7.5 


0.4 


12.7 


3.5 


2.7 


5 


13 


29 


40.4 


47 


10 


24.0 


488 


1 


1903 


8 


23 


0.8 


6.0 


0.8 


116 


4.2 


3.9 


6 


13 


29 


41.7 


47 


08 


36.0 


509 


1 


658 


20 


103 


0.5 


8.6 


0.4 


16.1 


2.9 


2.5 


7 


13 


29 


41.7 


47 


12 


48.0 


400 


1 


349 


8 





1.0 


5.2 


0.7 


12.2 


2.2 


2.0 


8 


13 


29 


42.7 


47 


12 


19.5 


416 


1 


717 


8 


80 


0.9 


4.4 


0.7 


25.1 


3.1 


2.5 


9 


13 


29 


43.0 


47 


12 


07.5 


411 


2 


795 


20 


134 


1.0 


4.2 


0.8 


19.4 


3.6 


2.6 


10 


13 


29 


43.2 


47 


08 


10.5 


525 


2 


546 


20 


127 


0.6 


9.2 


0.4 


13.4 


2.7 


2.4 


11 


13 


29 


44.6 


47 


08 


22.5 


494 


2 


459 


20 


10 


0.7 


8.6 


0.3 


11.2 


2.4 


1.6 


12 


13 


29 


44.6 


47 


12 


52.5 


400 


1 


641 


8 


94 


0.6 


4.3 


0.7 


22.4 


3.0 


2.4 


13 


13 


29 


44.9 


47 


11 


09.0 


473 


1 


886 


8 


25 


0.6 


3.5 


0.7 


31 


3.4 


2.6 


14 


13 


29 


45.2 


47 


09 


13.5 


525 


2 


523 


20 


34 


0.9 


6.8 


0.4 


12.8 


2.6 


2.2 


15 


13 


29 


46.4 


47 


09 


54.0 


514 


1 


290 


8 





0.9 


5.0 


0.8 


10.1 


2.0 


1.9 


16 


13 


29 


47.7 


47 


09 


00.0 


530 


1 


308 


8 





0.8 


6.7 


0.4 


10.8 


1.7 


1.1 


17 


13 


29 


47.9 


47 


13 


12.0 


390 


1 


407 


8 





0.9 


4.0 


1.1 


14.2 


2.6 


2.2 


18 


13 


29 


48.2 


47 


15 


16.5 


390 


1 


895 


8 


12 


0.7 


8.5 


0.2 


31.3 


2.7 


2.4 


19 


13 


29 


48.5 


47 


10 


01.5 


525 


1 


839 


8 


157 


0.7 


4.4 


0.8 


29.3 


3.4 


2.7 


20 


13 


29 


48.8 


47 


13 


42.0 


375 


1 


815 


8 


53 


0.7 


4.9 


1.0 


28.5 


3.5 


2.9 


21 


13 


29 


48.9 


47 


08 


58.5 


525 


1 


705 


8 


132 


0.7 


6.6 


0.4 


24.6 


2.8 


2.5 


22 


13 


29 


49.5 


47 


12 


13.5 


406 


2 


728 


25 


62 


0.7 


1.8 


1.0 


14.2 


3.7 


2.5 


23 


13 


29 


50.4 


47 


15 


39.0 


390 


1 


537 


8 


155 


0.8 


9.2 


0.1 


18.8 


1.9 


1.4 


24 


13 


29 


50.8 


47 


13 


19.5 


375 


2 


754 


20 


78 


0.9 


3.7 


0.9 


18.4 


3.5 


2.6 


25 


13 


29 


50.8 


47 


15 


21.0 


395 


1 


753 


8 


137 


0.4 


8.5 


0.1 


26.3 


2.4 


2.2 


26 


13 


29 


51.9 


47 


09 


03.0 


525 


1 


839 


8 


102 


0.7 


6.2 


0.4 


29.3 


3.1 


2.7 


27 


13 


29 


51.9 


47 


12 


12.0 


406 


3 


435 


18 


60 


0.6 


1.2 


1.1 


11.8 


2.8 


2.0 


28 


13 


29 


52.4 


47 


09 


58.5 


535 


1 


872 


8 


173 


1.0 


4.1 


0.6 


30.5 


3.3 


2.6 


29 


13 


29 


52.6 


47 


11 


18.0 


504 


2 


688 


20 


165 


0.7 


1.1 


1.1 


16.8 


3.5 


2.4 


30 


13 


29 


52.7 


47 


14 


27.0 


364 


1 


407 


8 


61 


0.9 


6.3 


0.6 


14.2 


2.3 


2.2 


31 


13 


29 


53.8 


47 


11 


10.5 


504 


2 


713 


26 


12 


0.5 


1.3 


1.1 


13.4 


3.7 


2.5 


32 


13 


29 


53.8 


47 


13 


12.0 


390 


1 


862 


8 


126 


0.7 


3.5 


0.6 


30.1 


3.3 


2.6 


33 


13 


29 


55.7 


47 


13 


22.5 


390 


1 


523 


8 


41 


0.9 


4.1 


0.6 


18.3 


2.6 


2.2 



Table B 18— Continued 



I\0 


a 





V^hel 


Type 


CL 


T/ 

vexp 




Axial Ratio 


rt 




■-kin 








(/i in 


\ ) 


^^Kin b ) 


{^ — 6} 




(h-rrt Q — 
^^Km b J 


1'°'! 








(Myrj 


(w erg; 


^lu ivi0; 


34 


13 29 55.7 


AT 15 42.0 


395 


1 


711 


8 


57 


0.8 


9.4 


0.1 


24.8 


2.3 


2.1 


35 


13 29 56.0 


47 11 09.0 


514 


2 


562 


26 


131 


0.9 


1.9 


1.0 


10.6 


3.3 


2.3 


36 


13 29 58.0 


47 11 39.0 


468 


2 


756 


26 





1.0 


2.3 


0.8 


14.2 


3.7 


2.5 


37 


13 29 58.5 


47 09 40.5 


540 


1 


694 


28 


133 


0.8 


5.3 


0.5 


12.1 


3.4 


2.5 


38 


13 29 58.5 


47 10 42.0 


514 


2 


465 


16 





1.0 


3.3 


0.7 


14.2 


2.7 


2.1 


39 


13 29 58.8 


47 12 46.5 


411 


1 


744 


8 


116 


0.7 


3.6 


0.7 


26 


3.2 


2.5 


40 


13 29 59.1 


47 15 24.0 


400 


1 


340 


8 


70 


0.6 


9.1 


0.3 


11.9 


1.6 


1.1 


41 


13 29 59.7 


47 10 52.5 


514 


2 


562 


11 


77 


0.5 


3.4 


0.8 


25 


2.7 


2.3 


42 


13 30 00.2 


47 09 46.5 


525 


2 


475 


30 


63 


0.7 


5.4 


0.6 


7.7 


3.0 


2.2 


43 


13 30 00.8 


47 07 39.0 


509 


2 


713 


16 


131 


0.5 


10.0 


0.3 


21.8 


2.7 


2.4 


44 


13 30 01.6 


47 10 09.0 


519 


2 


688 


31 





0.7 


5.2 


0.8 


10.9 


3.6 


2.6 


45 


13 30 01.9 


47 13 22.5 


421 


2 


665 


26 


1 


0.7 


5.5 


0.8 


12.5 


3.5 


2.6 


46 


13 30 02.6 


47 11 24.0 


509 


1 


956 


8 


80 


0.6 


4.2 


0.8 


33.4 


3.6 


2.8 


47 


13 30 02.7 


47 10 27.0 


504 


2 


598 


25 


39 


0.8 


5.1 


0.8 


11.7 


3.3 


2.5 


48 


13 30 06.1 


47 11 04.5 


499 


2 


871 


15 


81 


0.9 


5.8 


0.6 


28.4 


3.3 


2.8 



Table B19. NGC 6946 hole properties 



No 










s 




^ hcl 


Type 


d 


Vcxp 


P. A. 




R 


^HI 


*'Kin 


lnn{ Rt:') 


lnn( A/Tut') 




(h 






(° 
\ 


f 


") 
I 


(kins 


n — 3'1 




(km s ^ J 


\ ) 






ywi ) 






yL\j lyiQ } 


1 


20 


33 


46.1 


60 


09 


27.5 


145 


1 


970 


8 


166 


0.5 


14.9 


0.1 


59 


2.2 


2.0 


2 


20 


34 


07.2 


60 


09 


40.0 


132 


1 


892 


8 


156 


0.8 


10.3 


0.3 


55 


2.6 


2.6 


3 


20 


34 


11.5 


60 


06 


29.6 


158 


1 


1695 


8 


117 


0.6 


9.9 


0.3 


104 


3.5 


3.1 


4 


20 


34 


13.2 


60 


08 


52.2 


145 


2 


543 


15 


177 


0.9 


8.6 


0.6 


18 


2.7 


2.3 


5 


20 


34 


18.5 


60 


08 


47.7 


142 


3 


198 


10 


93 


0.8 


7.5 


1.0 


10 


1.3 


1.0 


6 


20 


34 


19.5 


60 


07 


37.3 


153 


1 


1138 


8 


148 


0.7 


7.5 


0.8 


70 


3.5 


3.0 


7 


20 


34 


19.6 


60 


09 


31.3 


137 


1 


1222 


8 


123 


0.8 


7.4 


1.0 


75 


3.7 


3.2 


8 


20 


34 


20.6 


60 


10 


16.3 


122 


1 


485 


8 


130 


0.9 


7.7 


1.3 


30 


2.6 


2.5 


9 


20 


34 


20.8 


60 


11 


14.8 


99 


1 


543 


8 


169 


0.4 


8.8 


0.9 


33 


2.5 


2.5 


10 


20 


34 


22.7 


60 


08 


25.3 


145 


3 


303 


18 


178 


0.6 


6.6 


1.2 


8 


2.4 


2.0 


11 


20 


34 


25.5 


60 


04 


43.3 


145 


1 


590 


8 


64 


0.7 


10.1 


0.3 


36 


2.2 


2.3 


12 


20 


34 


25.7 


60 


08 


26.8 


147 


1 


735 


8 


128 


0.7 


5.9 


1.4 


45 


3.2 


2.8 


13 


20 


34 


26.1 


60 


11 


10.3 


88 


2 


858 


21 


56 


0.4 


7.7 


1.0 


20 


3.8 


2.9 


14 


20 


34 


26.9 


60 


06 


31.4 


160 


1 


1854 


8 


102 


0.6 


7.3 


0.8 


113 


4.1 


3.4 


15 


20 


34 


28.7 


60 


09 


43.4 


117 


1 


1445 


8 


42 


0.8 


5.4 


0.4 


88 


3.5 


3.4 


16 


20 


34 


30.1 


60 


09 


05.9 


117 


1 
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Figures 
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Fig. CI. — Position of the H I holes in NGC628. The colours illustrate the different type of 
the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C2. — Position of the H I holes in NGC 2366. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C3. — Position of the H I holes in NGC 2403. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C4. — Position of the H I holes in Holmbergll. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C5. — Position of the H I holes in DD0 53. The colours illustrate the different type of 
the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C6. — Position of the H I holes in NGC2841. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C7. — Position of the H I holes in Holmberg I. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 




Fig. C8. — Position of the H I holes in NGC 2976. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C9.— NGC3031 divided into 6 fields. 
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Fig. CIO. — Position of the H I holes in the north field of NGC3031. The colours illustrate 
the different type of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. Cll. — Position of the H I holes in the north-east field of NGC3031. The colours 
illustrate the different type of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C12. — Position of the H I holes in the north-west field of NGC3031. The colours 
illustrate the different type of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C13. — Position of the H I holes in the south field of NGC3031. The colours illustrate 
the different type of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C14. — Position of the H I holes in the south-east field of NGC3031. The colours 
illustrate the different type of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C15. — Position of the H I holes in the south-west field of NGC3031. The colours 
illustrate the different type of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C16. — Position of the H I holes in NGC3184. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C17. — Position of the H I holes in IC2574. The colours illustrate the different type of 
the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C18. — Position of the H I holes in NGC3521. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C19. — Position of the H I holes in NGC 3627. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C20. — Position of the H I holes in NGC4214. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C21. — Position of the H I holes in NGC4449. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C22. — Position of the H I holes in NGC4736. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C23. — Position of the H I holes in DDO 154. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C24. — Position of the H I holes in NGC5194. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C25. — Position of the H I holes in NGC 6946. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 
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Fig. C26. — Position of the H I holes in NGC 7793. The colours illustrate the different type 
of the holes: red - type 1, white - type 2 and black - type 3. 



